
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



Xibrar^ 

of tbc 

Wntvcraitip of Misconstn 



Digitized by 



Google 



Digitized by 



Google 



AKMATUKE CONSTRUCTION 



Digitized by 



Google 



WHITTAKER'S HANDBOOKS. 



Allen, P. R. 
Allsop, F. C, . . 
Bjorlino, p. R. . 
Blakesley, T. H. . 
bodmer. g. r. . . 

BOTTONE, S. R. . . 

Elliott, A. G. . . 
FODEN, J. . . . 
GiBBINO, A. H. . . 
Hawkins & Wallis 

HOBART, H. M. . . 



Horner, J. G. . . 
Kapp, G 

Lodge, 0. . . . 

Loppe & Bouquet . 
Maycook, W. p. . 



Rider, J. H. . . 
RUS8BI.L, S. A. . . 

Salomons, Sir D. . 
Stevens k Hobart 
Still, A 



sutcliffe, g. w. . 
Turner & Hobart 
Walker, S. F. . . 



Wheeler, G. 
Whittaker's 



Williams, H. 



Eleetrieity in Hiningr. 
Practical Electric Light Fitting. 5s. 
Pipes and Tubes. Ss, 6d. net. 
Alternating Currents of Electricity. 5$. 
Hydraulic Motors and Turbines. 15«. 
Galvanic Batteries. 5^. 
Gas and Petroleum Engines. 2«. 6d, 
Mechanical Tables, is. 6d, 
Municipal Electricity Supply. 6s. 
The Dynamo : its Theory, Design, and Manu- 
facture. 155. 
Continuous-Current Dynamo Design. 7s. 6d. 

net. 

Electric Motors— Induction Motors and Con- 
tinuous Current Motors. 12^. 6d. net. 

Principles of Fitting. 5^;. 

Transformers for Single and Multiphase 
Currents. 6s, 

Lightning Conductors and Lightning Guards. 

15s. . 

Alternate Currents in Practice. 6s. 
Alternating - Current Circuit and Motor. 

As, 6d. net. 

Electric Lighting and Power Distribution. 

Vol. L, 6s. ; Vol. II., 75. 6d. 

Electric Wiring, Fittings, Switches, and 

Lamps. 65. 
Electric Wiring Tables. 85. 6d. 
Electric Traction. 105. 6d. net 
Electric Light Cables and the Distribution of 

Electricity. 105. 6d, 
Management of Accumulators. 65. net. 
Steam Turbine Engineering. 215. net. 
Alternating Currents and the Theory of 

Transformers. 55. 
Polyphase Currents. 65. net. 
Steam Power and Mill Work. 105. 6d. 
Insulation of Electric Machines. 105. 6d. net. 
Electricity in our Homes and Workshops. 

55. net. 

Electric Lighting for Marine Engineers. 55. 
Friction and its Reduction. 35. net. 
Electrical Engineer's Pocket Book. 35. 6d. net. 
Mechanical Engineer's Pocket Book. 35. 6d. net. 
Mechanical Refrigeration. 105. 6d, 



WHITTAKER & CO., 2 WHITE HART STREET, LONDON, E.G. 



Digitized by V^OOQ IC! 



Digitized by 



Google 



Ar7nature Construction.] 



[Frontispiece. 




Three-phase Alternating- Current Armature Winding. 



Digitized by 



Google 



ARMATURE 
CONSTRUCTION 



H. M. HOB ART, B.Sc. 

M.lNST.C.E., M.I.E.E., MEM.A.I.E.E. 
AND 

A. G. ELLIS 

AS800.A.I.E.E. 
A8SO0IATB CITT AND GUILDS INSTITUTB 



WUh 4£0 Illustrations 
including numerous Coloured Diagrams 



THE MACMILLAN CO. 
64-66 FIFTH AVENUE, NEW YORK 

AND 

WHITTAKER AND CO., LONDON, E.C. 
1907 

Digitized by VjOOQ IC 



Digitized by 



Google 



113632„ 

OEC ^0 1907 



PREFACE 

It is coming to be recognised that the design and manufacture 
of dynamo electric machinery is so extensive a subject that it 
cannot be sufficiently comprehensively handled in a single treatise. 

In the present work the subject has been approached from the 
constructional and practical standpoint rather than from the 
designing and calculating standpoint. Thus, the theoretical and 
designing elements have not been allowed to predominate, but only 
enter so far as to facilitate an intelligent appreciation of the 
various methods and points encountered in the construction. For 
instance, in the chapters dealing with windings, the subject is dealt 
with in the aspect of the practical possibilities of the windings, 
the electromagnetic properties not being considered to such an 
extent as they would be in a more general or more theoretical 
treatise. 

The authors wish to take this opportunity of making ac- 
knowledgment of a great amount of cordially rendered assistance 
from Mr H. W. Turner, with whom one of the present authors 
collaborated recently in a treatise entitled The Insulation of 
Electric Machines. While that work is devoted exclusively to 
insulation in the manufacture of electric machines, the present 
work deals in a similar way with armature construction, and is 
a further illustration of the large and detailed treatment required 
by dynamo electric machinery. 

In providing illustrations of the various processes in the con- 
struction of armatures, the authors have been greatly assisted by 
the receipt of, and the permission to use for this purpose, numer- 
ous photographs and drawings from manufacturers and designers. 
We should regret inadvertent omission of the names of any 
amongst those who have in this manner so greatly assisted us, 
but we believe that the complete list consists of Messrs Alioth 
of Basel, The British Electric Plant Co. of Alloa, Messrs Adolf 
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vi PREBACE 

Unger Aktiebolaget of Arbra, Mayor & Coulson of Glasgow, 
the Allmanna Svenska Aktiebolaget of West^ras, Messrs Yickers, 
Sons & Maxim of Sheffield, Bruce, Peebles & Co. of Edinburgh, 
Scott & Mountain, The Lancashire Dynamo and Motor Co. of 
Manchester, Messrs Dick, Kerr & Co., The Lahmeyer Electrical 
Co., The British Westinghouse Co., The British Thomson-Houston 
Co., and the firms whose names are given on p. 55 ; together with 
the engineers through whom we proflFered our requests, com- 
prising Mr Ernst Danielson, Mr H. A. Mavor, Prof. J. Epstein, 
Mr Aubrey V. Clayton, Dr Max Breslauer, Herm Direktor 
Buchi, Dr William Hess, Mr W. C. Mountain, Mr E. D. M*Leod, 
Mr A. D. Williamson, ^erm Ingenieur Frucht, Mr J. S. Peck, 
Mr S. von Ammon. 

We would also take this opportimity of expressing our 
appreciation of the care bestowed on the Index by Miss K 
Walpole. 

We are also indebted to the following journals for illustrations 
of practical processes: — Electric Journal, Engineering, American 
Machinist, Zeitschrifi des Vereines deutscher Ingenieure. 

We wish to draw special attention to the enterprise of our 
publishers in the employment of colours in the printing of the 
winding diagrams. Over twelve years ago, one of us went to a 
great deal of pains to prepare coloured winding diagrams for 
publication, only to be informed that the proposition was too 
fantastic, and that new diagrams with different styles of black 
lines should be substituted. 

Jhe use of coloured diagrams is of great advantage in studying 
polyphase windings and multiplex continuous current windings; 
and although to a mind which is continually dealing with such 
windings they are not so necessary, in the present case, where the 
aim has been to study the evolution of polyphase windings, and 
in a manner as explicit as possible, there is no doubt as to their 
utility. If at that date our present publishers' enterprise had 
been available,' the credit for first printing winding diagrams in 
colours would not have passed, some eight years subsequently, to 
another author and publisher. The frontispiece is a reproduction 
of one of the diagrams thus prepared in 1894. 
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CHAPTER I 

INTRODUCTORY 



A DYNAMO electric machine comprises a stator and a rotor, i.e, a 
stationary element and a rotating element. The armature is that 
part of the machine, whether stationary or rotatory, on which, 
in a suitably arranged aystem of electrical conductors, there are 
induced electromotive forces consequent upon the relative motion 
of the armature system and the magnetic field. 

The armature is connected to the mains ; in the case of genera- 
tors it supplies current to the mains, and in the case of motors 
it receives current from them. In commercial dynamos and 
motors of the continuous-current type the armature is the rotor ; 
in alternating current dynamos and motors it is generally the 
stator, A modern armature for either of these classes of dynamo 
electric machinery comprises a laminated iron core, upon which 
insulated circuits of copper, constituting the armature winding, 
are suitably located. In the case of continuous-current machinery, 
as well as in some types of alternating-current machinery, the 
ftrin£^ture winding is suitably connected to the segments of a 
commutator Armature core, armature winding and commutator, 
together with the spider or spiders, and shaft, constitute the 
armature of la continuous-current dynamo-electric machine ; the 
magnet frame i^nd the field windings constituting the so-called 
*' field." In the case of the stationary armatures of alternating- 
eorrent dyn^mq-electric machines, the armature core and windings 
are still the principal components. The commutator is absent, the 
ends of tha windings being carried to suitable terminals. Instead 
of the spider and the shaft, other suitable structural parts are 
provided. As the armature core and the armature windings are 
commop to both rotating and stationary armatures, their construc- 
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2 ARMATURE CONSTRUCTION 

tion will be taken up in the earlier sections of this treatise, the 
discussion of commutators being deferred to a subsequent chapter, 
since they are required only in rotating armatures. 

The extensive introduction in recent years of the terms ** rotor " 
and " stator " is liable to lead to misunderstandings. The terms 
are not synonymous with the terms "armature" and "field." 
Thus Fig. 1 illustrates the rotor of a dynamo-electric machine; 
the part " A " is, however, an armature, and the part " B " is a 
field. Structures such as "A" come within the scope of this 




Fig. 1. — Rotor of Alternating Current Generator with Exciter Apmaturc. 
Dick, Kerr & Co. 



treatise; structures such as "B" do not. "A" is an internal 
rotating armature ; '' B " is an internal rotating field. 

Fig. 2 is another example of an internal rotating armature. 
"C," the commutator, "D," the armature core, and "E," the 
armature winding, will in this treatise all be considered as 
components of the armature, as will also the armature spider, an 
instance of which may best be seen at " S " in the unwound 
armature of Fig. 3. In the example shown in Fig. 3, the armature 
spider comprises a hub H, arms A, and end flanges F F. In this 
case the commutator spider, B, constitutes an integral part of the 
armature spider, but a separate spider is often employed for the 
commutator. The commutator clamping rings are seen at E R : 

Jigitized by^OOQiC! 
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Fio. 2. — Armature of 60 H.P., 300/750 r.p.m., 440 Volt Variable Speed Motor 
Vickers, Sons & Maxim. | 




Fig. 3.— Unwound Ai-mature of Continuous Current Machine. 

British Electric Plant Co. ^ , 
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4 ARMATURE CONSTRUCTION 

in this case the inner ring is an integral part of the armature 
and commutator spider. The armature core, C, is formed of 
"core plates" or "armature laminations" of sheet steel. Some- 
times the armature is built up on the shaft, but often, as in 
Fig. 3, the shaft is pressed into the hub of the completed armature. 




Fig. 4. — Statiouary Armature of Alteruatiug Current Motor. Scott & Mountain. 



For the sake of uniformity, the shaft will not be considered as 
part of the armature. 

In Fig. 4 is given an instance of the frame and core of 
an external stationary armature or "stator." But stators are 
not necessarily armatures. In the case of continuous-current 
dynamo-electric machines, the stator is generally ^he. f^d, and, 
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as such, is not dealt with in this treatise. But when the stator 
is an armature, as in Fig. 4, it is considered as coming within 
the scope of this treatise. The armature shown in Fig. 4 is 




Fio. 5. — Wound Stator of Alternating CuiTent Machine. 
Lancashire Dynamo and Motor Co. 



not wound. A is the core, B is the frame, C is an end shield 
for protecting the windings, and D is one of the end flanges 
of the frame. Fig. 5 represents a wound stator. i,e. an external 
armature with its winding in place, but with the end shields 
removed. Such an armature may be suitable ^g|tlj^r^(g(-M|^^ 



6 ARMATURE CONSTRUCTION 

alternating-current generator or synchronous motor, or for 
an induction motor. In the case of an alternating-current 
generator or synchronous motor, the internal rotor is a "field," 
and does not come within the scope of this treatise. Strictly 
speaking, this is equally true of the rotor of an induction motor, 
when the primary winding is on the stator and the secondary is 
on the rotor ; nevertheless, since the construction of such an induc- 
tion motor " field " is utterly unlike the ordinary conception of tlie 
** field " of a dynamo-electric machine, and is, in fact, practically 
identical in most respects with the construction of a rotating 
armature, it has been decided to include in this treatise the rotors 
of induction motors. These — as, of course, also all the above 




Fig. 6. — luduction Motor Squirrel-cage RoLor. Almauna SveDska 
Elektriska Aktiebolaget. 

types — will be taken up in detail in the course of this treatise. . 
At this point it will suffice to refer to Figs. 6 and 7, in which two 
typical examples of induction motor '' rotors " (still often termed 
" armatures ") are given. 

Fig. 6 has a short-circuited rotor winding commonly called a 
** squirrel-cage " winding, which denomination is suggested by its 
appearance. 

Fig. 7 represents a wound rotor for an induction motor in this 
case, although this rotor would do equally well for the armature 
of an alternating-current generator. 

The rotor of an induction motor may be regarded as an 
armature by virtue of its having E.M.F.*s induced in it; and 
hence it has been included, as well as the stator, in this treatise. 

For the purpose of making clearer the distinction between 
the parts stator, rotor, armature, and field of dynama-^lectric 
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INTRODUCTORY 7 

machines, a chart is given in Fig. 8 which shows an outline 
sketch of the five common classes of dynamo machinery, with 
the parts which comprise the stator and rotor tabulated in 
columns. 

In the outline sketches the armature is marked A and the 
field system F. Also in the columns designated stator and rotor, 
the armature system, wherever it occurs, is entered in heavy type. 
It is with the parts marked A, and entered in heavy type, that 
the present work deals. 

In all of the cases shown in Fig. 8 the stator is external to 
the rotor, and the rotor revolves inside the stator. 




Fio. 7.— Wound Slip-ring Rotor. Aliotli Co. 

There have been a few machines built which depart from this 
practice, but these are so very rare and old that they are not 
included here. 

Under Class I. — Continuous - Current Generators — some 
machines were once built by Messrs Siemens & Halske, having a 
revolving armature with stationary poles at the interior of the 
armature. The armature was gramme ring wound, the conductors 
on the outside of the periphery forming the commutator on which 
the brushes pressed. 

Were this type of machine used now to any extent, we should 
have inserted it in the chart of Fig. 8 as a type B continuous 
current machine of the inner pole type ; the armature, however, 
would still be the rotor. 

In Class III. — Alternators — some machines have been built 
by the Westinghouse Co., having a stationary armatui^^itk.p 
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Designation of 
Machine. 



I. 

Continuous Cur- 
rent Generator 
and Motor. 



II. 

Alterijating Cur- 
rent Generator, 
Type A. 



III. 

Alternating Cur- 
rent Generator, 
Type B, and 
Synchronous 
Motor, 



IV. 

Rotary Con- 
verter. 



Induction Motor. 



Stator. 



Field System. 



Field System. 



Armature. 



Field System. 



Stationary 
Wound 
Armature 
(reeeivingr 
current 
ft>om line). 



Kutor. 



Armature and 
Commutator. 



Armature and 
Slip-rings. 



Outline Sketch. 





Field System. 



Armature 
Commutator 
and Slip- 
rings. 



Rotating 
Armature 
either (a) 
Wound, with 
Slip - rings ; 
{b) Short- 
circuited 
Squirrel- 
cage. 






Fio. 8.— Chart showing classification of parts of Dynamo Kleotric Machines. 
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a revolving field external to it — not internal to it, as in the type 
shown. In this case the poles projected radially inwards from a 
large rotating frame. 

There is also another class of machine which has not been 
inserted — the Alternating-current Commutator Motor. 

As this is still in the developmental stage, its many types 
could not be so classified as to be easily brought within the scope 
of Fig. 8. So far as relate to construction, the treatment of 
stationary and rotating armatures and commutators in this work 
will apply generally to the Alternating -current Commutator 
Motor. 
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CHAPTEE II 

ARMATURE LAMINATIONS 

It was formerly the opinion that the softest Swedish charcoal iron 
was the most suitable material for armature laminations. But 
some fourteen years ago attention was drawn to the phenomenon 
of " ageing/' ^ in virtue of which the hysteresis loss increases when 
iron is subjected for long intervals to temperatures of 60° Cent, 
and higher. The increase in hysteresis loss by "ageing" is 
generally slow, but it is nevertheless liable to be ultimately 
sufficient to be detrimental to the performance of the apparatus. 
Although the disadvantage is most marked in the case of stationary 
transformers, it has also been found desirable to alter the com- 
position of the material employed in armature cores, partly in 
consequence of the investigations of this phenomenon of " ageing," 
and partly in consequence of the improvements which have been 
made in the production of sheet steel. For the rate of deteriora- 
tion through " ageing " may in general be said to be most marked 
in soft Swedish charcoal iron, and to be quite low or even 
altogether absent in certain qualities of sheet steel. It is often 
the very cheapest qualities of sheet steel which are the most 
suitable as regards freedom from " ageing." The permeability of 
such sheet steels is, on the whole, inferior to that of sheets 
rolled from charcoal iron, and the initial hysteresis loss may be 
somewhat higher. But both of these disadvantages may be 
greatly reduced by annealing the sheets from a suitably high 
temperature, i.e. from the highest temperature which it is 
practicable to employ without causing in the adjacent plates any 

^ "Ageing" is defined by the German rules for iron as the percentage 
variation of the figure of loss caused by keeping the sample at a temperature 
of 100° over 600 hours. The " figure of loss " is defined as the loss in watts 
per kg. measured with a density of 10,000 lines per sq. cm. and a frequency of 
50 cycles per second. (See " Selection and Testing of Materials for Construc- 
tion of Electric Machinery,'* Prof. J. Epstein's paper read before Inst. Elec. 
-.««., Nov. 22, 1906.) ^^ ^,g,,,^^^ ^^ ^^OOgie 
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tendency to stick together in the piles in which they are arranged 
in the annealing ovens. It is practicable to anneal some qualities 
of plates from a temperature of 900° Cent 

It is very difficult to find a material of good initial quality 
that will not " age '* as the result of prolonged exposure to tem- 
peratures much above 60° Cent. A sheet of the composition set 
forth in the following table has been found to be very satisfactory. 
Its initial hysteresis loss is fairly low when it is suitably annealed, 
and in a number of samples tested there has been found to be 
practically no " ageing " as the result of prolonged exposure to a 
temperature of 60° Cent. 

Composition of a low " ageing '* sheet sieel. 

Carbon 0*06 per cent. 

Silicon 001 ,. 

Phosphorus 0'08 

Manganese 0*5 

Sulphur 0-03. 

Equally satisfactory results have, however, been obtained with 
materials of very different compositions. 

A specification on the following lines has been employed with 
good results : — 

'* The sheets are to be of the best quality of sheet steel, and rolled 
to a smooth, plane surface. Each sheet is to be freed from scale by 
pickling, or otherwise, and cleaning, to be followed by cold rolling. 

"Sheets delivered under the contract must be uniform in 
quality, composition, and treatment, should show no detachable 
scale, and should not be annealed after the last rolling. The 
maximum of impurities allowable is as follows: — 



. 0-08 
trace, or less than 0009 
. 0-06 
. 0-40 
. 0-05 



" Carbon . 
Silicon 
Phosphorus 
Manganese 
Sulphur . 

" Any sheet showing less of impurities than the foregoing will, 
if otherwise in accordance with specifications, prove acceptable; 
but the composition, when determined upon, must be kept to a 
uniform standard." 

The writers, however, prefer the composition given in the 
previous table. 

Armature cores are almost always built from laminations of 
0*5 mm. thickness. The use of a single standard thickness is 
justified from the standpoint of requiring a minimun^ surolYto^beQTp 
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kept in the stores; but from the strictly technical standpoint, 
sheets of very different thickness should be employed in designs 
for various purposes. The choice should be dependent upon the 
periodicity and speed of the machine, and also upon the induced 
volts per cm. length of armature core in a direction parallel to the 
shaft. There are many cases where sheets much thicker than 0*5 
mm. could be employed with advantage — such, for instance, as for 
the cores of the rotors of induction motors. 

On the other hand, not much, if anything, can be gained by the 
use of sheets of less than 0*5 mm. tliickness ; for this entails a 
!iigh percentage of total thickness of insulating varnish. As the 
thickness of insulating varnish per sheet cannot be reduced much 
below 0*03 mm., it is obvious that the total percentage lost space 
will be greater the greater the subdivision of the core. Thus, 
taking 0*03 mm. as a representative thickness of Japan varnish, 
and 002 mm. as the lost space through lack of uniformity of the 
sheets as pressed up between the armature core flanges, then the 
total core length per lamination (exclusive of ventilating ducts) 
may, for various thicknesses of laminations, be derived as set fnrth 
in Table T. 

Table I. 

SPACE OCCUPIED BY COKE PLATE INSULATION. 



Thickness (^f bare core plate in mm. 0'2() 


030 
00:; 


040 


050 


OGO 


Thickness of insulating varnish or 

other coating per core plate . j 003 

1 


003 


003 


003 

I 


Thickness of residual lost space per , 
core plate ' 0-02 


0-02 \ 0-02 


002 


1 

002 1 


Total thickness allowance per sheet 0*25 

i 


0-35 


0-45 


0-55 


0-65' 


Percentage of iron . . . 80% 86% 


89% 


91% 


92%; 



The thinner the plate, moreover, the greater will be the per- 
centage which the skin of inferior magnetic quality bears to the 
total thickness of the plate. The price also increases with 
decreasing thickness. To sum up, it may be said that experience 
has shown 0*5 mm. (20 mils.) to be a satisfactory value for most 
purposes, and in the interests of standardisation it is preferable 
to employ this value in almost all armatiire cpi^.Q^^partureB 



ARMATURE LAMINATIONS 



13 



from this value will the more often be justified in order to employ 
thicker sheets, than in order to employ thinner sheets.^ 

There is such a great variation in the quality of sheet iron, 
even when obtained from the same manufacturer, that it is hope- 
less to obtain any approach to uniformly satisfactory results unless 
the material is ordered to comply with a suitable specification, 




Fio. 9.— Ewing Hysteresis Tester. 

and ultimately ruthlessly rejected if unsatisfactory. Otherwise, 
cases will frequently arise of machines overheating when on test, 
due to excessive core loss. The Ewing hysteresis tester is widely 
employed in England, and is a very convenient instrument with 
which to control the hysteretic quality of the samples received. 
Fig. 9 is a photograph of this hysteresis tester. The instru- 

* According to Brunswick and Aliamet {Construction des Induits d, Courant 
ContinUy Partie M^caniqne, p. 57), the thickness of sheet iron most generally 
employed in France for armature discs is 0*4 mm. n h h \^C)Oq1c 
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ment has a magnet a, pivoted on a knife-edge supported by an 
agate bearing. The magnet carries a pointer which reads over 
the scale c. The sample strips, 3 inches (76 mm.) long and f inch 
(15*9 mm.) wide, which are cut from the laminations of sheet iron, 
are secured by clamps to the carrier rf, and are rotated between 
the poles of the magnet a by means of the friction wheel e and 
the driving wheel /, thus producing reversals in the magnetisation 
of the sample strips. Owing to the hysteresis loss in the iron, 
a couple is exerted on the magnet a, thereby causing a deflection 
of the pointer. Owing to windage and to hysteresis in the 
permanent magnet, a certain deflection would be obtained even if 
the sample had no hysteresis loss. With the scale generally 
supplied with the instrument, this deflection is about 30. If, 
however, 30 is subtracted from the reading obtained with a given 
sample, the residual deflection will be approximately proportional 
to the hysteresis loss in the sample. It is thus convenient to add 
to the scale as provided, a series of figures — say, in red ink — with 
corresponding to 30 of the original scale, assigning to the other 
portions of the scale values less by 30 than the values of the 
original scale. There are thus two " zeros " to the right and left 
of the centre of the scale, and an ungraduated portion between 
them. Let us designate this as the scale of " residual deflections/' 
This proposition will be better understood by considering an 
actual case, where measurements of three samples of previously 
ascertained hysteresis loss gave the results set forth in Table II. 



Table II. 

DETERMINATION OF CONSTANT FOR EWING HYSTERESIS TESTER. 





Hysteresis loss in 






Constant by which 
to multiply the 
** residual deflec- 




watts per kg. at 




'* Residual 


Designation 
of sample. 


a density o\ 4000 


Deflection 


deflection " 


tion " in order to 


lines per sq. cm. 


on original 


( = Deflection 


obtain the hys- 


and a periodicity 


scale. 


on original 


teresis loss in 




of 50 cycles per 




scale - 30). 


watts per kg. at 




second. 






4000 lines and 50 
cycles. 


I. 


I'OU 


162 


132 


0-0121 


II. 


1-17 


125 


95 


0-0120 


III. 


0-44 


66 


36 


0-0122 




Me 


an Constant 




. =0-0121 



Hence to determine the absolute value of the loss, the 
residual deflection" produced by the test sample ia compared 
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with the "residual deflections" produced by the samples having 
known and stated amounts of hysteresis. In practice, therefore, 
the method is absolutely empirical, and 
is free from all theoretical assumptions. 
In Fig. 10 is shown a scale calibrated 
in the manner described. 

The deflection of the pointer to one 
side should be read, and, again, the 
deflection to the other side when the 
direction of rotation is reversed. The 
average of these two readings gives a 
value proportional to the hysteresis 
loss. The deflection of the instrument 
is fairly independent of the speed at 
which the carrier revolves. If the rfite 
is very slow, the magnet will show each 
individual impulse which it receives as 
the ends of the sample pass its poles ; 
but when the speed is suflBciently in- 
creased, these impulses blend together 
into a steady deflection. A needlessly 
high speed should, of course, be avoided, 
as the windage set up would interfere 
with obtaining a correct reading. 

For the test sample, as many strips 
are to be taken as will make up a 
weight approximately equal to the 
weight of one of the standard samples. 
No error is introduced by reasonable 
variation in this respect, and hence no 
exact adjustment of the weight is 
necessary. The length of the strips 
must, however, be exactly 3 inches. 
The number of strips required for the 
test sample will, in general, be six or 
seven pieces, Le, for the usual gauges of 
transformer iron. The most customary 
thickness of each slieet is, as already 
stated, 0*5 mm. The magnetic induc- 
tion is practically the same in all the 
specimens, notwithstanding the differences in the permeability of the 
iron; this is on account of the comparatively large air-gap IP^^^ffBip 
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the specimeD and the magnet poles. In the instrument an ahowQ, 
the magnetic density In the samples will be about 4000 C^Gr.S. Unea, 

The damping of the swing of the magnet is produced by a d^b-r 
pot consisting of a little vane, which moves in a tank of oil The 
degree of sensitiveness of the instrument is adjusted by raiaing or 
lowering the nut, g^ on the lower side of the magnet ; the centra 
of gravity of the oscillating system is thereby raised or lowered. 
The pointer is set to zero at the middle of the scale by meana q{ 
the levelling screw, A, and also by means of a nut, which runs on 
a screw projecting laterally from the middle of the m^net% Since 
the average of the readings on both sides is taken, it is unnecessary 
to have the zero in exact adjustment ; but it should be set near 
enough to prevent the scale readings on the two aides from being 
very different. 

The instrument is also supplied with an arrangement for lifting 
the movable system from its bearing when not in use. 

The tests should be made from pieces cut at random from differ- 
ent parts of the sheets whose quality it is desired to determine. 

Large sheets may be tested in hUk for hysteresis and perme? 
ability by means of an apparatus which the Siemenfil-Scbuckert 
Werke, of Vienna, have placed upon the market. The sheets to be 
tested are slid, by suitable means, into a large cylindrical drum so 
that they constitute a ring of about a meter diameter, with a 
section measuring a meter or more in one direction by a couple of 
millimeters or so in the other direction. This apparatus may be 
seen at the right in Fig. 15. 

The frame is provided with a permanent annular winding 
enclosing the sheets, and from four to six sheets are thus generally 
tested together. The method permits of readily unloading aud 
testing a few sheets from a given shipment, in order to determine 
whether or no the entire shipment shall be accepted.^ 

^ For description of this apparatus, see an article by Bichter, entitled 
" Eisenpriifapparat fiir ganze Blechtafeln" {Elektrotechn, Zeitschr.^ 24, pp. 341- 
343, 7th May 1903). V^' 

The Ewing apparatus and the Siemens-Schuckert apparatus, as well as a 
number of other methods of testing sheet iron, are described in considerable 
detail in the first chapter of Electric Machine Design (a revised and enlarged 
edition of Electric Generators), London, Engitieering, 1906. 

On p. 1 87 of the Elektrotechn. Zeiischr., for 5th March 1903, Brion describes a 
development from Bichter*s method . Brion^s method permits of testing the sheets 
in the flat state, two sets of sheets being employed, and the ends joined by strips 
of such small length and large cross section that the loss in them may be ignored, 
or an approximate correction mi^y he employed for the loss in th© small strip. 
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While each manufacturer will find it expedient to draw up 
specifications adapted to comply with his own special require- 
ments, it may be useful to those to whom the subject presents an 
aspect of novelty, to set forth a specification which, while ensuring 
fairly good material when complied with, cannot be said to impose 
any unreasonable condition upon the contractor for the material, 
and hence the material should be supplied at current market 
prices. The specification is as follows: — 

'' Samples shall be cut from various parts of several sheets 
selected at random from the shipment When tested on a Ewing ' 
hysteresis tester by comparison with the standardised samples 
supplied with the instrument, the hysteresis loss at a density of 
4000 C.G.S. lines per sq. cm., and at a periodicity of 50 complete 
cycles per second, shall not exceed 0*5 watts per kg." 

If the Ewing hysteresis tester is not originally provided with 
standardised samples, then there should be obtained a number 
of samples (at least three) of widely different quality, whose 
hysteresis loss is known ; and prior to and after the measurements 
on the samples to be tested, readings should be taken on all these 
standardised samples, and the constant of the instrument thus 
obtained for each particular occasion. Should the ratios of the 
readings obtained on the various standardised samples vary 
materially from the ratios obtained on prior occasions, it is an 
indication that, due to some cause, one or other of the samples has 
altered. The greater the number of standardised samples em- 
ployed, the greater will be the certainty with which the defective 
sample can be identified and eliminated. Suppose that we have 
four standardised samples, I., II., III., and IV., whose bystieresis los^ 
is known and stated, then we need first to standardise the Ewing 
tester — that is, to determine its " constant," or the factor by which 
the instrument readings (" residual deflections '') must bcsf multi- 
plied to obtain the hysteresis in watts per kg. 

Table III. is drawn up to allow of the entry of the necessary 
readings to determine this ''constant." In column 2 should be 
entered the hysteresis loss corresponding to each of the samples 
I., II., III., anjd IV. Each sample should now ia turn be put into 
the instrument, and four readings taken on each. These, readings 
should be entered up in column 3. The average reading (" residual 
deflection ") for each sample should then be calculated, and entered 
in column 4. Dividing this average deflection into the known 
hysteresis loss of the standard sample in column 2, we obtain the 
watts per kg. per degree " residual deflection " of the instrument. 
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This should be done for each of the samples I. , II., III., and IV., 
and by taking the average of the four values of the instrument 
constant thus obtained, the mean constant for the instrument 
may be derived, and entered at the bottom of Table III. 

Table III. 

TABLE FOR bKCORDING RESULTS OF DETERMINATION OF CONSTANT 
OF EWING TESTER. 



No. of 
Standard 
Sample. 



Specified Hysteresis 

Loss of the Sample 

in watts per kg., at 

a Density of 4000 

Lines per sq. cm. 

and a Frequency 

of 50 Cycles per 

second. 



IT. 



in. 



iV. 



"Residual I 
Deflection" j 

of the 
Instrument I 
in degrees. | 



Mean 
*' Residual 
Deflection " 
in degrees. 



Hysteresis Loss in 
watts jier kg. per 
degree of ' * Residual 
Deflection,'" at 
Reference Density 
(4000) and Fre- 
quency (50). 



Mean Constant of Instrument — 

Watts per kg. per degree of * * Residual Deflection ' 



Having thus calibrated tlie instrument, we are in a position to 
determine the actual hysteresis loss in watts per kg. for any other 
sample of iron whose quality we desire to determine. After con- 
ducting a series of tests on any of the samples, the instrument 
should be again standardised and its constant re-determined, using 
another table such as Table III. The mean between the constants 
determined before and after the tests should be taken, and this 
value employed in calculating the results of tests on the samples 
tested. The results of tests on various samples should be recorded 
in tables, for which Table IV. is a convenient model : — 

Digitized by ^OOQ IC 



ARMATURE LAMINATIONS 



19 



Table IV. 

TABLE FOR RECORDING TESTS ON IRON. 



Designation of Sample. 


Description of Sample. 


1 

o 

a 














— 
















1 
I 





^-2 









^ tj 5 






O^ §^^- ^ 



■-■ ;^' >. 






Vt- "^ 2 






|w 



^ 2 c3 






— A- 



-^1 

Ml 



— B— 




If we represent by I'OO the hysteresis loss in watts per kg., 
when the density is 4000 lines per sq. cm. and the periodicity 
is 50 cycles per second; then for any other density, but the 
same periodicity, the hysteresis loss will be found by multiplying 
by the corresponding constant in Table V. Thus if, from the 
Ewing hysteresis tester results, we have ascertained that a certain 
sample has a hysteresis loss of 073 watts per kg. at 50 cycles 
per second, and a density of 4000 lines per sq. cm., we can 
determine the loss at a density of, say, 11,000 lines per sq. cm. 
and 50 cycles per second, by multiplying as follows : — 

0-73 X 5-2 = 3-8 watts per kg. 
If the periodicity is also different, the change in the hysteresis loss 
will be directly proportional to the periodicity. Thus at 60 cycles 
per second, and 11,000 lines per sq. cm., the hysteresis loss in the 
above sample will be 

fin 
073 X 5-2 X gQ = 4-6 watts per kg. 
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Table V. 

FACTORS FOR HYSTERESIS LOSS AT DIFFERENT DENSITIES. 



Periodicity in Cycles 
per second. 



Density in Lines per 
sq. cm. 



4,000 



Multiplier by which to obtain the 
Loss at the Periodicity and Density 
in columns 1 and 2 from the Loss 
at 50 Cycles and 4000 Lines, i,c. 
from the Loss as deduced from the 
Ewing readings. 
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When an armature has been built of iron of which samples 
have been thus tested, core loss tests on the completed machine 
will show a loss, in watts per kg., greatly in excess of the 
values derived as above described from measurements on the small 
samples. This is not an indication that anything is wrong, but is 
in accordance with well-known experience. By a careful system of 
recording the Ewing readings, and the results on test of the com- 
pleted machine, interesting values of the ratio of increase which is 
to be expected may be obtained. For this purpose it is well to 
keep, records, for which, in Table VI., a convenient arrangement is 
suggested. It is assumed that four samples. A, B, C, and D, have 
been tested, and machines built from material of which A, B, C, 
and D are samples. 

Then in the left-hand section of Table VI. should be entered 
the mean results of tests by the Ewing hysteresis tester on each 
of these samples. On the right-hand section should be recorded the 
losses observed on machines with armatures built of iron, of which 
A, B, C, and D are samples, and the mean values (M) entered up. . 

In an intermediate section of the table, the Ewing tests are 
reduced to the densities and periodicities corresponding to the 
machine tests. In the last column, the ratios of the machine tests 
to the Ewing tests are entered. It will be found that these ratios 
drQ often of the value of 2 to 3, or more. The excess is partly due to 
eddy current losses, which will be greater the thicker the sheets 
and the less carefully they are insulated from one another. The 
eddy current loss also ; varies with the degree of conductivity of 
the material of the sheets. In many cases, a very large part of 
the eddy current loss is attributable to wasteful circuits formed by 
the touching of the adjacent rough edges at the sides of the slots, 
due to poor die- work, or to too much filing of the sides of the slots: 
Such losses cannot be closely predetermined ; but the keeping of 
the records above described enables a close control to be kept over 
them, and it should be the aim of the manufacturer to gradually 

M 

reduce the ratio ^j^ of Table VI. by the gradual improvement of 

methods of construction. 

In France, an instrument similar to the Ewing hysteresis 
tester is employed, except that it is the magnet which is rotated.^ 

1 Hysteresis testers with rotating magnets were built by Holden in 
1895 (see Electric Machine Design, Parshall and Hobart, Engineering, 190€, 
pp. 11-13). Holden, however, employed electromagnets, whereas Ewing and 
Blondel employ permanent magnets. . , 
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The instrument is illustrated in Fig. 11, and is known as the 
Blondel-Carpentier Hyst^r^sim^tre. In this instrument the 
density is about 10,000 lines per sq. cm. The results on any 
sample are reduced, by comparison of the deflection with the 
deflection obtained on a standard sample, to terms of the loss in 
ergs per cu.cm. per cycle for a density of 1 line per sq. cm. 

This value, i,e. the hysteresis loss in ergs per cycle in 1 cu.cm. 
of iron, and corresponding to a 
density of 1 C.G.S. line per sq. cm., 
is called the Steinmetz Coefficient, 
and is generally denoted by j;. As 
the specific gravity of sheet iron 
may be taken as about 7*8, it is 
evident that 1 kg. of sheet iron 
contains 



1000 
7-8 



= 128 cu.cm. 



Hence, if the hysteresis loss 
per cycle per cu.cm. for a density 
of 1 line per sq. cm. is equal to 
rj ergs, then the hysteresis loss 
per cycle per kg. for a density 
of 1 line per sq. cm. is equal to 

128 i; ergs, 

and the hysteresis loss per kg. 
for a density of 1 line per sq. 




Fig. 11. 



-Hysteresimetre, 
Carpentier. 



Blondel- 



50 cycles per second, will be equal to 

50 X 128 X j; ergs per second, 
= 6400 >7 ergs per second, 



cm., and for a periodicity of 



6400 



- watts, 



W 
= 0-00064 i; watts. 

It would, for practical purposes, have been more convenient if 
the Steinmetz Coefficient had been originally defined as the loss 
in watts per kg. for a given periodicity, and for a density of 
1 line per sq. cm. As, howeyer, the practical man, when buying 
iron, is frequently obliged to compare data in which the hysteretic 
quality is guaranteed in terms of >/ (the Steinmetz Coefficient), 
there are given in Table VII., in parallel columns, the equivalent 
values for irons of various hysteretic qualities. ^ 
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Table VII. 

RELATION BETWEEN HYSTERESIS LOSS AND STEINMITZ COEFFICIENT. 



The Steinmetz Coefficient, tj 

{i,e, the Hysteresis Loss per 

c.c. in ergs ^ per Cycle, and 

at a Density of 1 Line per 

sq. cm.'). 


The Hysteresis Loss for a 

Periodicity of 50 Cycles per 

second and a Density of 1 C.G.S. 

Line per sq. cm. 


Watts per 
kg. 


o c s *ts' t* 


Watts per 
kg. 


Watts per 
ton. 


Watts per 
kg. 


•000543 


•000000348 


•000348 


0-20 


0-88 


•000680 


•000000435 
-000000522 


•000435 


25 


1^1 


•000812 


•0005-22 


0^30 


1-32 


•000953 


•oooooeei 


•000610 
•000695 


0-3^ 


1^54 
r76 


•00109 


•000000695 


0^40 


1 

•00123 

i 


•000000785 


•000785 


0^45 


1-98 


•00136 

1 


•000000870 


•000870 


0-50 


2^2 


•00163 
•00190 
•00216 


•00000104 


•00104 


60 


2-64 


•00000122 


•00122 
•00139 


0^70 


3^08 


•00000139 


0-80 


3^52 




t 










1 lO"' ergs= 1 watt second. 
1 watt =10^ ergs per second. 

The erg is one of those units the significance of which most of us forget 
within a short time, of taking up practical work. Since, however, it is 
sometimes employed in specifying sheet iron, it is well to recall its value. 



Digitized by V^OO^lt^ 



ARMATURE LAMINATIONS 25 

lu the Blondel-Carpentier Hyst^r^sim^tre the samples to be 
tested are made up from ring-shaped stampings. These stampings 
have external and internal diameters of 55 mm. and 38 mm. 
respectively. These are piled up to an aggregate thickness of 
4 mm. ; thus, if the sheets are 0*5 mm. thick, about seven rings will 
be required to make up a sample, as this gives 3*5 mm. of iron, 
and the remaining 0*5 mm. will be allowed for lost space. These 
rings should be turned, and not punched. The permanent magnet 
must be rotated at a speed of some 2 to 3 revolutions per second 
in order to obtain a steady deflection. If this deflection is, for 
example, 250, and if the calibration, by means of standard samples, 
has shown the '' constant " of the instrument to be 

0-0000073, 

then for the material under test, we have 

,; = 250x00000073, 
= 0-00182. 

If we prefer to have the result in terms of the watts per kg. at 
a density of 4000, and a periodicity of 50 cycles per second, we can 
readily, by means of Table VII. , ascertain this to be 

0-00182, 



0-00163 



X -60 = -67 watts per kg. 



The price of one of these instruments, inclusive of tested 
sample, is listed at £16. 

It is said that for a given quality of iron, the results as given 
by the Blondel-Carpentier instrument are a little higher than 
those obtained by the Ewing instrument. This, however, is a 
matter of calibration, and it is not apparent that there should be 
any difference. Neither type of apparatus gives anything but 
comparative results, which can only be reduced to absolute values 
by comparison with specimens on which careful determinations of 
the absolute values have been made. 

Brunswick and Aliamet^ divide armature sheets into two 
classes: — 

Class I. — Ordinary quality, for which j; as measured by the 
Hyster^sim^tre varies from 0*0016 to 0*0022, and having a specific 
resistance of from 12 to 15 microhms per centimeter cube. 

Class II. — Superior quality, for which i; varies from 00011 to 
0*0015, and with a specific resistance as high as 45 microhms per 
centimeter cube. 

* Construction des Iiiduits a Courant Gontinu, p. 18. ^ . 
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Sheets of this latter quality are stated by these authors to be 
obtained by treating steels containing a small percentage of 
aluminium or silicon (2 to 4 per cent.). This superior material 
can only be obtained at a very substantially higher price as com- 
pared with the ordinary material. It is, moreover, not so necessary 
in armature construction to obtain an exceedingly low iron loss, 
as it is in transformer construction. 

The property of high specific resistance, while it does not, of 
course, afifect the hysteresis loss, affects the other component of 
the iron loss, namely, the loss due to Foucault currents ; and hence 
progress in this direction is of great importance. 

The writers above alluded to, in describing the conditions con- 
trolling French practice, state the customary composition of 
armature plates to be an extra-soft steel containing about 0*03 
per cent, of carbon, and often small quantities of silicon or alu- 
minium. It would appear that, in France, sheet iron for armature 
construction is most generally delivered in plates 0*80 metres wide 
by 1'65 metres long. Plates as wide as 1*2 metres may be 
obtained, but the price will be some 30 per cent, to 35 per cent, 
higher than that of plates of the former dimensions. 

Eeferring to plates of a thickness of 0*4 mm. (apparently the 
most customary thickness employed in France), Brunswick and 
Aliamet state that Class I.^ plates of a width of 0*85 metre cost 
about £15 per ton, as against about £20 per ton for widths of 1*20 
metres. 

Allusion has been made above to the circumstance that 
instruments, such as those of Ewing and of Blondel, only indicate 
the order of magnitude of one component of the iron loss, giving 
no indication of the other component loss due to Foucault currents. 
The quality of the iron as regards Foucault current loss may be 
readily ascertained by measuring the resistance of strips of deter- 
mined dimensions. It is desirable to have as high a specific 
resistance as practicable. 

In Germany, it has been deemed preferable to employ methods 
of measurement of the quality of sheet iron which give the tbtal 
iron loss — i.e. methods which do not distinguish between the 
hysteresis loss and the Foucault current loss. The Eichter 
apparatus, already described on p. 16, is an instance of this 
practice. Another instance is afTorded by the Epstein apparatus, 
wliich, in fact, is the apparatus to which specific allusion is made 

1 Class II. plates at present cost from two to three times as much as 
Class I. plates. 
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in the Standardisation Rules for the Testing of Sheet Iron, drawn 
up by the Verband Deutscher Elektrotechniker. These rules read 
as follows : — 

1. The total loss in the iron shall be measured by means of a 
watt-meter on a sample made up of at least four different plates. 
The sample shall weigh at least 10 kgs., and the loss in watts 
per kg. shall be determined at a given temperature for a 
maximum induction of 10,000 lines per sq. cm. and a periodicity 
of 50 complete cycles per second. 

2. As normal thickness, shall be taken 0*3 mm. and 0'5 mm. ; 
deviations from the normal thickness shall not exceed 10 per cent. 
(By this is meant deviations of appreciable extent, and not pitted 
places or small protuberances which are unavoidable in the manu- 
facture of sheet iron.) 

3. The measurements shall be made on a magnetic circuit 
composed exclusively of iron of the quality to be tested, and built 
in accordance with the conditions here set forth. 

4. As specific weight of the iron, 7*77 shall be taken in all cases 
where more precise data is not available. 

5. In disputed cases, the determination of the Physical- 
Technical Imperial Institute shall be accepted, and the deter- 
mination shall be made at an iron temperature of about 30° Cent, 
when no other temperature has been specified. 

Specification for the Test, 

As normal form for determining the iron loss, a uniformly- 
wound ring may be employed. As, however, for practical 
conditions, certain disadvantages are associated with the use of 
a ring, the Standardising Commission for Iron Testing re- 
commends that either the apparatus of Epstein or that of 
Mollinger shall be employed. In guarantee determinations, it is 
recommended that the iron loss be determined by means of one of 
these two types of apparatus. 

For tests by means of the Epstein apparatus, the following 
instructions should be observed : — 

The magnetic circuit is constructed of four cores, each having 
a length of 500 mm., a breadth of 30 mm., and a weight of at least 
2*5 kgs., thus making a total weight of at least 10 kgs. for the 
four cores. The individual sheets are insulated from one another 
by Japanese paper in such a manner that they are at no point 
in contact with one another. The four cores constitute a rect- 
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angular circuit, as shown in Fig. 12, and are secured in position 
by wooden clamps at the four corners. At the butt-joints, they 
are separated from one another by presspahn of 0*15 mm. thick- 
ness. In building together the circuit, care must be taken that 
the cores fit well with one another : as indications of which, are 
the deadening of the noise when magnetised, and the obtaining 
of a minimum deflection on the ammeter in the magnetising 
circuit. 




Fio. 12. — Sectional Drawing of an Epstein Tester. 



The magnetising coils are constructed on presspahn bobbins, 
with internal dimensions of 38 mm. x38 mm. and a length of 
435 mm. Each of the four bobbins contains 150 turns of copper 
of a cross section of 14 sq. mm. It is suggested in the rules 
that the winding may conveniently consist of two edge- wound 
conductors measuring 2x3*5 mm. and wound in parallel. 

Originally it was thought preferable to build up these Epstein 
samples to a weight of 20 kgs., but this weight has ultimately 
been reduced to 10 kgs., which is now standard. A photograph 
of a wound sample is shown in Fig. 13. In Fig. 14 is shown 
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the iron-testing room of a rolling mill. The Epstein sample 
may be seen on the table at the right of the figure. 

A testing-room fitted out with a Richter apparatus which is 
capable of testing, at one time, four complete sheets measuring 
1 metre x 2 metres, is shown in Fig. 15. This installation is on 
the premises of a rolling mill. 

The provision to electrical manufacturers, of punchings com- 
pletely finished, including the slots, has been undertaken in 
England by certain firms ; but the largest manufacturers of dynamo- 
electric machinery do their own punching work. 

The most customary standard size in which sheet steel for 
armatures is delivered, is in plates measuring 1 metre x 2 metres. 




Fig. 13. —Photograph of Epstein Iron Tester. 



Plates of larger dimensions are generally only supplied at higher 
prices, and a longer time is required for providing them. It has 
thus become fairly general practice to build up armature cores 
of larger diameters than 1000 mm., out of segments whose 
maximum dimensions do not exceed the dimensions of sheets 
of this standard size. Frucht^ suggests that 990 mm. be 
standardised as the largest diameter of armature in which 
complete discs shall be employed. 

In Figs. 16 to 21 are drawn, to a scale of 20 : 1, six such normal 
plates, on which are indicated the outline of armature plates which 
may serve as instances of standard practice. 

^ Zeitschr. des Verdnes Deutscher Ing., 30th May 1903, p. 769: "Die 
Herstellung der im Dynamobau gebrauchten Bleche." , ^ ^^ ^^^ i/> 
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Figp 16 shows a blank plate 1000 mm. x 2000 ram. 

In Fig» 17 tfiere are outlined two diflCB of 990 mm. diameter 

flhowing the largest which can be cut from the standard sheet 




IS 
I 

I 






ff 
^ 



Fig* 18 shows the sheet well utilised for core discs of about 
490 mm. diameter. In this ease the sheet would be cut down 
the centre, at AB, in a circular cutter shearing machine, and the 
long strips fed into the stamping press ga^.e^^yC^^Ie^^^ 
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inside parts left after cutting these stampings are subsequently 
used up for the making of core discs of smaller diameter. 

Figs. 19 and 20 show typical stampings for large armatures, the 
minimum waste being obtained by progressing down the sheet as 
shown. 

Sometimes a series of external and internal diameters is so 
standardised for a set of designs as to greatly minimise the waste 
in punching. In Fig. 21 is given an instance where, by means of 
a double series of diameters, A, C, E, and B, D, F, etc., the sheets 
are almost entirely used up. Diameter B is chosen about midway 
between A and C, and so on with the other diameters. From these 
two sets of diameters may be obtained thirteen different combina- 
tions, half of this number being of narrow depth radially and half 
of wide radial depth. These possibilities are shown in Table VIII. 



Table VIII. 

SIZES OF STAMPINGS OBTAINABLE FROM TWO SETS OF DIAMETERS 

IN FIG. 21. 



No. 
1 


External Diameter. 


Internal Diameter. 




A 


C 


-- 


2 
3 


B 

C 


D 
E 


corS 


4 


D 


F 


^ 


5 


E 


G 


CO 


6 


r 


H 


7 


G 


I 


8 


A 


D 


4^ 


9 

10 


B 

c 


E 

F 




11 


D 


G 


M-^ 


12 


E 


H 


^1 


13 


F 


I 


r 



Frucht alludes to the difficulty of obtaining a smooth, clean 
surface on the sheets, and at the same time retaining good 
magnotic quality ; for the smooth surface is only obtained by a 
greater number of passages of the sheets through the rolls, and 
with each passage the sheets become harder and magnetically 
inferior. Nevertheless, unless the plates are rolled fairly smooth, 
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there will be an undesirably high percentage of space lost length- 
wise between the core flanges. 

Formerly it was thought desirable to anneal the plates after 
punching, and this is doubtless the ideal method ; but it involves 
considerable expense, and is nowadays rarely regarded as necessary 
in the case of armature core plates, and the sheets are generally 
purchased already annealed.^ The annealing, as has already been 
stated, should be from as high a temperature as practicable with- 
out causing the plates to stick together. 

In the operations of punching out the discs and the slots from 
the plates as delivered, the surface should be moistened in advance 
of the punch (in the case of index die-work) by applying turpen- 
tine with a brush. In the case of a compound die, the turpentine 
must be applied over the portions to be punched out. Turpentine 
has great advantages over oil and over soap-and-water, since no 
subsequent cleaning of the plates is required, as would be necessary 
were oil or soap-and-water employed. In former times, when 
these latter materials were used, the plates were subsequently 
cleaned by immersion in a hot bath of dilute caustic soda. Of 
course, when the plates are annealed after punching, they are 
cleaned in the process. Some firms coat the sheets, prior to 
punching, with thin paper, to insulate them from one another; 
but it is generally conceded that the application, after punching, 
of coatings of insulating varnish, is fully as satisfactory a method 
and involves less expense. In some cases of paper-insulated arma- 
ture cores which were taken apart after a few years of service, 
the paper was found in an advanced stage of disintegration, 
and the core discs had become oxidised under the influence of 
exposure to the paste with which the paper had been applied. 
The crumbling of the paper would appear to be due to the com- 
bined influences of vibration, heat, and pressure. 

Let us now return to the consideration of the 1 metre x 2 metres 
steel sheet (Fig. 16), as originally received. Unless it is to be used 
for discs of nearly 1 metre diameter, or for segments nearly 1 metre 
wide, it will often be found convenient to first cut it up by shears 
of some such type as the tool illustrated in Fig. 22, into smaller 
sheets of suitable dimensions. Whether these sheets shall next be 
punched at one operation by a compound die, or whether this shall 
be done in several steps, is a question involving the disadvantage 
of the very expensive compound die on the one hand, and the 

* Plates for ti^ansformer cores are generally annealed again after punching, 
owing to the cnreater importance of minimum core loss. , r^r^.^.r^ 
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disadvantage of greater expenditure for time and labour on the 
other hand. It thus usually resolves itself into a question of 
whether enough plates will be required (as would be the case with 
standard designs built for stock) to justify the outlay for the com- 
pound die. The compound die has up to recently been considered 
indispensable for the highest class of work. With the most 
modern machinery, however, equally good results may be obtained 
by means of index die-work. Even for discs of quite small 
diameter, the cost of a compound die is a very appreciable item ; 




Fig. 22. — Power Shears for cutting Sheet Steel prior to punching 
Armature Core Plates. 



and for large discs or segments, it runs into hundreds of pounds. 
Another consideration affecting the decision, is that of practicable 
sizes of presses. A press with a capacity for providing a pressure 
of over 200 tons may be required in stamping out slotted discs 
with a diameter of one metre, by means of a compound die. 

Brunswick and Aliamet ^ give the following rule for obtaining 
the total pressure for which the press must be capable, in order to 
punch a disc or segment of given dimensions : — If t = thickness 

1 Construction des Induits a Gourant Continu (Gauthier Villars ; Maison 
et Cie.), p. 69. 
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of the plate in mm., and if ^ = perimeter of the cut, also 
in mm., then id x t x p = required pressure (minimum) in kgs. 
Thus, to cut from a sheet of 5 mm. thickness one of the plain 
discs of 990 mm. diameter (Fig. 17), there would be required 
a pressure of at least 

45 X 0-5 X 990 X TT = 70,000 kgs. (70 tons). 
If, instead of a plain disc, it were required, by means of a com- 




FiG. 23. — 150-Slot Armature Stamping from Compound Die. 

pound die, to punch from 0*5 mm. thick sheets, the discs shown 
in Fig. 23, which have an external diameter of 990 mm., an 
internal diameter of 500 mm., and 150 slots, each 20 mm. deep, 
then the perimeter amounts to approximately 

990 X 7r + 500 x 7r + 300 x 20 

990x7r=3110 

500 X7r = 1570 

300x20 = 6000 
Total perimeter =10680 mm. r^ i 
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This would require a pressure of at least 
45 X 0-5 X 10700 



1000 



- = 240 tons. 



Of course the quality of the material, and the design and con- 
jft dition of the disc 

-t— J . and the tool, greatly 

affect the required 
pressure. 

We may illus- 
trate, by an ex- 
ample, another 
consideration con- 
trolling the choice 
of method to be em- 
ployed. The com- 
poimd die for the 
stator punchings of 
a certain 600 h.p. 
induction motor 
cost some £200. 
Three such motors 
were to be built, 
and it was esti- 
mated that to 
punch out the slots, 
one at a time, by 
index dies by means 
of two automatic 
presses, would have 
taken about twelve 
weeks for the 
1,500,000 slots. 
This would have 
made it impractic- 
able to deliver the 
machinery within 
the required time 
without buying 
additional presses. 
In many instances, however, the use of automatic punching 
machines with index dies is suitable, and will in this treatise first 
be dealt with. The discs may be cut by some such type of circular 
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shear as that illustrated in Fig. 24. This machine is by Messrs 
Daniel Smith & Co./ and will divide off annular rings of any 
width up to 330 mm. (13 in.), and is capable of cutting blanks and 
rings up to 1520 mm. (60 in.) in diameter in all thicknesses up to 
1*65 mm. diameter (No. 16 B.W.G.). The machine consists of a 
framework, at one end of which revolving disc cutters are placed, 
which are driven by gearing, as shown. The cutters are not 
placed in the same plane, but are inclined to each other at a con- 
siderable angle, their spindles being connected through bevel 
gearings. The top beam gives stiffness, and on it there is placed 
an instantaneous eccentric lever pallet grip, by means of which 




Fig. 25. — Geared Kotary Shears for Armaturo Discs and Rings. 



blanks without central holes may be formed ; while, in the saddle, 
which travels on the lower slide, there is a rotary stud for taking 
discs which have been previously pierced in a press. The saddle 
is moved by means of the hand-wheel shown in front of the bed ; 
and in the top beam there is a longitudinal slot which allows the 
gripping pallets to readily follow the saddle. 

A less elaborate type of circular shear for power drive, as 
supplied by Messrs Neville Bros., is shown in Fig. 25; and a 
machine to be manually operated and only suitable for small discs, 
in Fig. 26. This latter machine is by the E. W. Bliss Co., as is 
also the larger machine for power drive shown in Fig. 27. 

* The description of this machiiie is taken from p. 117 of Engineering, for 
27th January 1906. 
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Frucht, in the article above referred to, thus describes the 
process of making small armature discs: In a plate of suitable 
Hize, as shown in Fig. 28, a central hole is punched, as also two 




Fio. 26 



'Bliss "Circular Shears. 



slots which shall ultimately serve as key-ways. Although two 
slots are illustrated, good practice has shown that only one key- 
way suffices in such a case. Frucht showed four key -ways. The 




Fro. 27. — Circular Shears with Angular Cutter Shafts. 

plate is then mounted in the circular shears, as illustrated in 
Fig. 27, which, however, shows the plate after tlie completion of 
the operation of cutting it circular. The upper knife may be raised 
and lowered by means of hand-wheel W. If only the small eeptral 
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Fig. 30 



hole is required, then the operation of punching it out may be 
combined with the process of clamping the disc, in which case the 

hand-wheel above the 
centre of the disc is 
replaced by a lever, 
operating both punch 
and clamp. But in 
such a case as the 
plate of Fig. 28, where 
two additional slots 
are required, the 
middle hole and these 
two slots are most con- 
veniently slotted out 
beforehand on an 
eccentric press. To 
produce from the plate 
of Fig. 28 the annular 
disc of Fig. 29, first the 
outer and afterwards 
the inner circumfer- 
ence must be cut, thus 
necessitating two set- 
tings of the carriage, C, 
on the tool-bed. 

It is impracticable, 
by means of circular 
shears, to cut circles 
of less than 100 mm. 
diameter ; and hence 
for a disc, such as that 
shown in Fig. 30, the 
central hole and key- 
way should be stamped 
out beforehand. From 
discs such as those of 
Figs. 29 and 30, the 
next operation is to 
punch oiit slots on the 
periphery, thus obtaining the finished armature core plates shown in 
Figs. 31 and 32. When, as in the process we are now describing, the 
slots are pimched out one at a time (or, in some cases, two or more 
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adjacent slots at a time), a finger die is employed. One form is 
described by Brunswick and Aliamet by means of a sketch, which 
we reproduce in Fig. 33. The principal parts to which we should 
direct our attention are the punch, P, and the die, D. The punch, 
P,is of equal section throughout its length ; but the die, D, diverges 
so as to avoid wedging, while at the same time permitting of a very 
exact fit at the upper surface 
on which rests the plate to be 
punched. Frucht recommends 
that, in order to make a clean- 
edged cut, the punch should be 
smaller than the size of the slot 
to be cut, to the extent of one- 
eighth of the thickness of the 
plate, and that the aperture in 
the die should be an equal 
amount larger than the size of 
the slot to be cut. The illus- 
tration in Fig. 33 relates to the 
so-called French type, which is 
characterised by the guiding of 
the punch, P, by means of the 
guide, G. The plates must be 
inserted between the lower 
surface of G and the upper 
surface of the die D. This 
type is inconvenient as regards 
the less ready manipulation of 
the plate in the restricted space 
between G and D, but it aflPords 
a very exact guidance to the 
punch P, right close down to 
the surface to be punched. A 
slight modification of the so-called " Frencli " type is shown in the 
punches of Fig. 34, where will be seen at the side of the punches, 
and mounted rigidly with them in the same blocks, guiding rods so 
designed as to ensure exactness in the movement of the punch, thus 
avoiding the necessity for passing the punch itself through guides. 
The alternative and generally preferred method, employs the 
so-called "German" type. In this type the punch is short, and 
after having perforated the plate, does not pass an appreciable 
distance beyond. As applied to a compound die, the construction 
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Fig. 33.— Detail of Punch and Die. 

M, C!onnectiDg-rod for DriviDg. 
B, B, aaide of Slide Block C. 
N, Punch Holder. 
P, Punch. 
D, Die. 

G, Guide of Punch. 
H, Bed of Punching MAchine. 
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is illustrated in Fig. 35. The principle of the " German " type is 
shown in Fig. 36. The punch is mounted firmly in a solid piece, 
and can thus only penetrate to a short distance below the upper 
surface of the die. 




Fig. 34. 



' Bliss " Double Die. 



When slots are to be provided on the inner periphery of a disc, 
as in the case shown in Fig. 37, it is sometimes the practice (when 
an index die is employed) to first punch the slots, and afterwards 
cut out the centre on circular shears. Fig. 38 illustrates how, 
without making another punch, a deeper slot may be obtained than 





Fig. 35. —Compound Die for Armature Disc. 



that for which the punch has been proportioned. Such make- 
shifts are, of course, only economical in special contingencies, and 
involve two operations with consequent loss of time. 

Fig. 39, reproduced from Frucht's article, illustrates a punch 
which cuts both slot and a corresponding portion of nhe periphery 
at each stroke. Frucht recommends this as far preferable, 
largely on account of greater exactness in the cutting of the 
periphery than is obtainable by circular shears, and st^es that 
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Fio. 36.— German Type Die. 



it is particularly appropriate for induction motors, which, owing to 
the small radial depth of the air-gap, require very exact die-work. 
He further points out that when such 
work is done on circular shears, with 
the consequent lesser exactness, diffi- 
culties are sometimes encountered in 
subsequently turning down the core on 
a lathe to the precise required dimen- 
sions. These difficulties relate to the 
liability of bending the teeth, and, in 
the case of nearly closed slots, tearing the tips of the teeth. The 
bending of the teeth may be avoided by inserting temporary keys 
completely filling the slots, prior to the turning. The tearing of 
the teeth may be avoided by first punching completely closed 
slots, then turning the core to the precise dimensions, and finally 
milling out the slot openings. This last step in the operation 

introduces the lia- 
bility to increased 
eddy current loss. 
This is of minor 
importance on the 
rotors of induction 
motors, but is to be 
avoided in the 
stators. In fact, in 
the case of the 
stators of induction 
motors, compound 
dies are greatly to 
be preferred. 

Frucht, however, 
has obtained excel- 
lent results with the 
process employing 
the punch shown in 
Fig. 39. He states that by using good, smooth plates, and by 
ensuring that slots of different plates but corresponding to a given 
position of the index of the punching machine shall be over one 
another in the assembled core, he has for years, without doing any 
tool-work or filing on the assembled core, successfully employed 
the {following scale of radial depths of air-gap and diameter at 
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Fig. 38.— Punching extra deep Slot. 



Table IX. 
frucht's values fob air-gap depths. 

Radial Depth of Air-gap in mm. Diameter at Air-gap. 

0-4 Up to 200 mm. 

0-5 „ 400 „ 

075 „ 600 „ 

1-00 „ 800 „ 

The writers do not, however, care to employ so small a radial 

depth of air-gap, and their own 
experience has shown them that 
it is by no means essential to 
good results.^ 

In the case of the rotors of in- 
duction motors, plates consider- 
ably thicker than '5 mm. might 
quite properly be used ; and this 
would not only decrease their first 
cost, but, inasmuch as it would 
decrease the number to be handled, the labour cost would also be 
less. But since the rotor core plates can be made out of the 
otherwise wasted centres punched out from the stator core plates, 
this practice is generally followed, and the same thickness of sheet 
is generally employed for stator and rotor ; in 
fact, the very best results are obtained by 
making a compound die to punch out both 
stator and rotor discs, complete with slots, at 
a single operation. It is also sometimes the 
practice to punch out both stator and rotor 
slots at a single operation, and then to cut 
first the external diameter of the stator; 
secondly, the internal diameter; and finally 
the internal diameter of the rotor, on circular 
shears. Some discs, thus prepared, are shown 
at the foot of the index press in Fig. 40. 

Obviously, there still remains the further 
operation of turning down the rotor core on a 
lathe subsequent to assembling. Index presses of various firms 
are illustrated in Figs. 40, 41, 42, and 43. While varying gre?itly 
in detail, the underlying principle is that each stroke of the punch 
is followed by an angular motion of the clamps holding the disc or 
* A Table of the writers' values for induction motor air-gaps will be found 




Fig. 39.— Die for cutting 
Slot and Periphery. 



on p. 105, Chap. VI. 
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segment of a disc. This angular motion is adjustable by index 
plates, a number of which are supplied with the press. These 
are so designed that, with a minimum number of index plates, a 
maximum variety of numbers of slots may be obtained. 

The mechanical movements must be designed with a minimum of 
inertia and of back-play, and must be capable of very rapid work. 




Fio. 42.— The Stoll Autdmatic Armature Disc-notching Machine. 



A type of circular shear built by Messrs Zeh & Hahnemann is 
illustrated in Fig. 44. This machine is especially suitable for 
cutting the segmental core plates for armatures of very large 
diameter. To meet conditions where, in the case of large arma- 
tures with segmental core plates, it is desired to avoid going to the 
expense of a compound die, Messrs Zeh & Hahnemann have 
developed a set of machines, which have been described on p. 180 
of the American Machinist for 24th February 1906, from which 
the following has been abstracted : — ^ 
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The machines are especially adapted to work in which the 
dovetails by which the segments are secured to the armature 
frame (or spider) are notched out of the stamping, as in the case 




o 



^ 



o 



2 

a 

B 






of the lamination illustrated in Fig. 49 of this chapter, as in this 
case the material can be cut to considerably better advantage 
than otherwise. 
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Fig. 44.— Circular Shear with Segment Attachment. Zfh & Hahnemnnn. 

The full sheet of metal first passes a double-crank power press 
(Fig. 45), which punches the holes that later form the dovetail 

notches, and also cuts the 
long radial slits for the 
ends of the segments, as 
indicated in Fig. 46. The 
dies for these notches, 
as well as the slitting 
knives, are adjustable 
within wide limits, and 
can readily be set by 
means of a suitable tem- 
plate. Plain gauges are 
provided to space pro- 
perly the succeeding 
cuts. 

The sheet thus pre- 
pared, next passes through 
the circular shear with 
segment attachment, 

already shown in Fig. 
Fig. 45.— Double Crank Press. Zeh & Hahnemann, j^^ Thk nitq thft 

ments apart and finishes the periphery, as shown in Fig. 47. 
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Fio. 46. — Drawing showiug Sheet punched for 
Dovetail Notches and Slot for Segment Ends. 



The segment attachment comprises a sector of suitable form, 

which is guided by anti-friction rolls. The sheet to be cut is 

fastened to this sector 

and guided by it in a 

circular path past the 

cutters, the guiding rolls 

being near the cutters to 

prevent vibration. The 

same sector may be used, 

within certain limits, for 

varying radii, as the 

gauging parts may be 

fastened to adjustable 

arms, thus allowing work 

to be cut to any radius, 

with a limited number 

of sectors. 

The segments pre- 
pared in this manner are 
now ready to be slotted 
and trimmed on the in- 
side. The machine for 
punching the slots is 
illustrated in Fig. 48. 
It has a guiding sector 
similar to the segment 
shear; but this sector 
has cut in its periphery, 
notches in which a feed- 
pawl, actuated by the 
press, engages, thus feed- 
ing the sector with the 
attached segment auto- 
matically forward step 
by step. A stationary 
pawl locks the sector in 
position before the 
punch enters the 
material, and the machine 
stops automaticaUy after the predetermined number of strokes 
have been made. The die is so shaped that, while cutting 
the slots, the inner edge of the segment is simultaneously 

u\g\ ize y g 




Fig. 47. — Drawing showing result of Shearing 
Operation. 
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finished, and the segment is thus brought to the form shown 
in Fig. 49. 

Ordinarily, for handling a given segment in this machine, it is 
merely required to provide a sector with the right number of 
notches and of suitable radius, as the slotting punches and dies 
(which are quite simple in construction) are usually standardised 




Fig. 48. — Photo of Notching Machine. Zeh k Hahnemann. 



as to shape, to allow their use on other segments. Since the 
masses to be accelerated at each stroke of the press are small, the 
machine can be run at good speed without endangering the 
accuracy of the results. 

The rotary shear and the slotting machine may be used for 
cutting and slotting full discs or rings of smaller diameters by 
substituting suitable attachments. The slotting press will slot 
segments and rings on the outside as well as on the inside, and, as 
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the throat of the press is 18 inches deep, the internal slotting of 
segments and rings up to that radial depth is possible. 

It is obvious that 
there is no upper limit 
as regards diameter, as' 
the machine will take in 
work of any curvature 
up to a straight line, and 
without sacrifice of floor 
space. 




Fig. 49. — Drawing showing Segment Notched 
and Trimmed. 



Allusion has already been made to the great pressures required 
for compound dies, and, in the example worked out for a compound 




Fig. 50. — Geared Armature Disc-cutting Press. 

die for punching discs of the dimensions shown in Fig. 23, this 
amounted to 240 tons. 
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Two representative types of presses for such work are shown 
in Fig9. 50 and 51. 

It would exceed the limitations of this treatise to deal with 
any more of the many interesting and ingenious machines and 
devices which have been placed on the market by various 




Fig.. 51. — Geared Arnjature Disc-cutting Press. 



firms, for use in the manufacture of armature core plates. A 
manufacturer of dynamo-electric machinery will supplement the 
information set forth in this treatise by a careful comparative 
investigation of the machinery of a number of established firms, 
and for this purpose the following necessarily incomplete list of 
some makers of armature disc stamping machines may be 
useful: — . ........^ 
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The K W. Bliss Co., Brooklyn, New York, U.S.A. 
Breuer, Schumacher & Co., Kalk, near Cologne. 
Briider Scherb, Vienna, XX Dresdnerstrasse, Nr. 107. 
German-Niles-Tool Works, Ober Schoneweide, near Berlin. 
Ludwig, Loewe & Co., Hutten Strasse 17-20, Berlin. 
Neville Brothers, 7 and 9 James Street, Liverpool. 
Niles-Bement-Pond Co., 23 and 25 Victoria Street, London, S.W. 
Daniel Smith & Co., Castle Iron Works, Wolverhampton. 
Taylor & Challen, Ltd., Constitution Hill, Birmingham. 
Eobert Tiimmler, Dobeln in Sachsen. 
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CHAPTER III 

THE ARMATURE FRAME 

A FRAME is required for the mechanical support of the armature 
core plates. When the armature is the rotor, this support 
generally consists of an internal hub or spider intermediate 
between the shaft and the laminations. The laminations are 
compressed between flanges secured at each end of the spider. 
These flanges are often extended to form a support for the end 
connections of the armature winding. 

Fig. 52 shows the armature spider of a 10-pole, 300 k.w., 
100 r.p.m. generator. In this case there are six spider arms, 
and two recesses per arm are provided for bolts which pass 
through holes in lugs projecting inwardly from the armature 
core plates. Fig. 53 shows one core plate in place on this 
spider. In Fig. 54, the end flanges are shown in place on the 
spider, the core plates being omitted. A similar construction is 
shown in Fig. 55 ; this is for a 6-pole, 200 k.w., 135 r.p.m. 
machine. The spider has eleven arms, and receives only one 
lug per arm. Thus, instead of an integral number of core-plate 
segments per complete disc (as in Figs. 52 and 53, where there 
were six complete segments per disc), there are, in the case 
of Fig. 55, five and a half segments per disc, so that, in 
assembling the core-plate segments, the last half of the sixth 
segment laps over into the next layer. In both cases the core 
plates are secured by bolts passing through rectangular lugs, as 
seen in Figs. 54 and 55. In the case illustrated in Fig. 56, 
however, which shows the spider of a 6-pole, 250 k.w., 320 r.p.m. 
generator, the core-plate segments are retained by dovetailed lugs 
engaging in corresponding recesses in the ends of the spider arms. 
In this case, the bolts compressing the core plates between the 
end flanges are entirely below and separate from the armature 
core. In Figs. 57 and 58 are given photographs of spiders of 
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other designs, where the dovetailed construction is employed. 
In these cases, two and four dovetails respectively are employed 




Fig. 53.— Armature Spider of 300 k.w. Generator, showing one Core Plate in place. 




Fig. 54.— Armature Spider of 300 k.w. Generator, showing end Flanges. 

for each spider arm. In all the cases as yet given, except Fig. 58, 
there have been two parallel rows of spider arms. In Fig. 58, 
however, and in the case of the 16-pole, 1000 k.w., 90 r.p.m. 
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generator, drawings of whose armature spider are given in Fig. 
59, only one row of spider arms is employed. 

In machines in which, owing to small size or high speed, or 
both, the internal diameter of the armature laminations is small, 
the armature spider with arms is replaced by a sleeve carrying the 




Fig. 57. — Photograph of Armature Spider of large Generator. Vickors, Sons k Maxim. 



armature core plates. An instance of this practice is given in 
Fig. 60, which shows the sleeve of the armature of a 117 h.p. 
gearless railway motor. A related practice consists in assembling 
the armature core plates directly on the shaft, as in the case of 
the 27 h.p. railway armature illustrated in Figs. 61, 62, and 63. 
These last two methods afiford much more limited facilities for 
ventilation of the core, and it is usual, as in the last instance — as 
may be seen from the figure — to punch out apertures in the core 
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discs, thus providing inlets for the air from the outside to the 
vertical ventilating ducts. Except in the case of the very largest 
of continuous-current turbo-generators, a similar dilticulty is 
encountered. In the case of the design for a 750 k.w. generator 
at 1500 r.p.m., the difficulty is met as shown in Fig. 64. 




Fig. 58. — Photograph of Armature Spider of large Generator. Dick, Kerr & Co. 



Fig. 65 shows a few alternative methods of keying the lamina- 
tions to the spider arms. 

For external stationary armatures, the punchings may be 
assembled in skeleton castings of a variety of designs, of which a 
few typical instances are given in Figs. 66 to 73. 

Fig. 66 shows the casting for the frame of a moderate size 
stationary armature. In the front of the frame is seen one 
of the end flanges cast on to the frame itself. The armature 
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core rests against this flange at one end, and there is a 
detachable flange at the other end of the armature to clamp 
the core in place. 

Figs. 67 and 68 illustrate front and back views of a 1500 
k.w. alternator armature frame. In Fig. 67 will be noted the 




Fig. 59.— Armature Spider of 1000 k.w., 16-pole, 90 r.p.m. Generator. 



fixed end flange similar to that in Fig. 66. This frame is split 
into two equal parts with a horizontal division, as is necessary 
in very large frames. Fig. 68 shows the skeleton structure of 
the frame; it consists of an inner and outer shell, the inner 
pierced by a large number of apertures webbed together by 
axial and circumferential ribs. A section through a frame 
of the same type as Figs. 67 and 68 is shown in Fig. 69. 
In this case both the inner and outer shells are perforated with 
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Fig. 61.— Armature Assembly of 27 h.p. Railway Motor. 




Fig. 62. — Armature End Bracket for 27 h.p. Railway Motor (Commutator End). j 
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large holes. This assists the ventilation and also efifects a saving 
in weight. 

In Fig. 69 the armature laminations are not held together to 
the frame by bolts connecting the two end plates, but they are 
secured by a number of short keys (K) driven in circumferentially 
between the loose end flange and a circular rib on the frame. 
This construction has obtained considerable use recently, and it 




Fig. 64.— Armature of 750 k.w. 1600 r.p.m. Generator, showing 
Ventilating Arrangements. 



dispenses with bolts passing through the stampings or connecting 
the end flanges. 

Fig. 70 shows a section through a large frame of the box 
type, which is common practice for very large frames. Here the 
core is clamped up between two end flanges neither of which is a 
part of the frame, the bolts being just outside the circumference 
of the laminations. The laminations are secured to the frame by 
dovetail keys. In some cases the frame is made in two exactly 
similar halves, bolted together by bolts usually inside the box part 
of the frame, as shown in Fig. 71. In this frame the armature 
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laminations are assembled in one half of the frame, and the other 

half laid on and 



the two bolted to- 
gether. 

In stationary 
armatures of large 
diameter it is neces- 
sary for the section 
of the frame to be 
of considerable 
depth, to render it 
suthciently rigid to 
stand its own 
weight and that of 
the armature, with- 
out deflecting.^ In 
cases of very large 
frames (up to 30 
feet diameter) they 
are sometimes 
stiffened up by a 
system of tie-rods 
arranged round the 
outside of the 
frame. The results 
obtained by this 
latter method have 
not been altogether 
satisfactory. 

Fig. 72 shows 
a typical frame for 
smaller size arma- 
tures. 

^ A useful method 
of determining the 
dimensions of box 
type frames is given 
by R. Livingstone in 
the Electrician^ vol. Ivii. 
pp. 569-671, 1906: 
"Some Notes on the 
Mechanical Design of 
Electrical Generators,'* 
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Fig. 73 is a similar frame, but made in two exactly similar 
halves drawn together by bolts. 

Fig. 74 shows a light grid construction of frame suitable for 
induction motors and small alternators. It leaves the exterior of 
the laminated core well exposed to the air, and is thus excellent 
from the standpoint* of the thermal design. The end flanges are 
retained by circumferential keys, as shown. 




Fio. 66.— Casting for Frame of Stationary Armatuie. Scott & Mountain. 
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Fio. 67. — Casting for Frame of Stationary Armature. Dick, Kerr k Co. 
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Fig. 68. — Casting for Frame of Stationary Armature. Dick, Kerr & Co. 
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Fig. 69.— Box Typo Frame for Stationary Armature of 
medium size Alternator. 




Fig. 70. — Box Type Frame for Stationary Armature of largo Alternator. 
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Fig. 71. — Split Frame for Stationary 
Armature of large Alternator. 



Fig. 72. —Frame for Stationary Armature of 
small Alternator. 
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Fig. 73.— Split Frame for small Stationary Armature. 




Fig. 74. — Light Constraction for Stationary Armature Frame. 
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CHAPTER IV 

ARMATURE CORE VENTILATING PIECES 

While amongst the work of the earliest dynamo builders we find 
frequent instances of careful attention to the provision of means 
for ventilation, it may nevertheless be said that this aspect of 
dynamo design has been greatly neglected. In the present 
treatise we are concerned only with the ventilation of the armature, 
and, in this particular chapter, with the means for providing radial 




Fig. 75. — Ventilating Distance-piece. AUmanna Svenska 
Elektriska Aktiebolaget. 



ducts through the armature core. At the time when slot-wound 
armatures first came into extensive use, the most progressive 
manufacturers adopted the plan of providing a number of these 
core ducts, and practice in these companies quickly settled down 
into following the rule that there should be one duct for every 
four or five inches of core length. These ducts were often only 
6 or 7 mm. wide, and were generally so obstructed by the distance- 
pieces as to be very inefficient. Some dozen years of experience 
has made a slight impression on all but the most obdurately 
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retrogressive manufacturers, and a good many manufacturers have 
already arrived at the stage of employing many more ducts, each 
duct having a width of some 10 to 15 mm. according to circum- 
stances. The result is that, although of the gross core length, only 
some 70 per cent., and often a lower percentage, is "effective" 
iron, the improved ventilation thereby obtained permits of a con- 
siderable decrease in 
the weight of a k 
machine for a given 
rating. Careful at- 
tention is also very 
often given to the 
design and construc- 
tion of the so-called 

" ventilating pieces/' 11 III 1\^^^7 

i.e. pieces of as skele- 
ton a construction as 
is consistent with the 
necessary mechanical 
strength, and serving 
the purpose of pre- 
serving the required 
distance between the 
neighbouring sections 
of the core. 

An interesting ex- 
ample is a ventilating 
piece employed by the 
Allmanna Svenska 
Elektriska Aktiebo- 
laget. This is shown 
in Fig. 75. It will be 
observed that this is 
employed in a design 

in which the teeth are exceedingly thin ; and in order that the 
" separating-fingers " shall not obstruct the space between the 
armature coils, there is only provided one finger for every alter- 
nate tooth. The authors hav,e seen many an armature in which 
points of this sort have been utterly neglected, with the result 
that the "ventilating ducts" are just so much lost space. In 
some cases, only one "finger" for every third or even fourth 
tooth could preferably be employed. ^ , 
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A practice to which recourse is often permissible, consists 
in employing two or three extra thick laminations on each side 
of the duct, to prevent the teeth from spreading towards the 
duct, and to decrease the liability of breaking ofif at the roots, 
in which case comparatively few fingers need be employed. 
These fingers may in such cases project but part way to the 
surface, or every other finger may project to the surface, 
the alternate fingers stopping ofi* at — or, preferably, quite a 
little below — the bottom of the slots. Cast distance-pieces, in 
spite of their cheapness, are gradually being abandoned, as they 




Fig. 77. — Ventilating S[»acing-piece. Dick, Kerr & C«) 



occupy too much of the space which ought to be left free. In Fig. 
76, however, we have given a typical cast spacing-piece which 
has been employed on a 550 k.w. 10-pole traction generator, of 
which a number are in use in Great Britain. 

The ventilation of armatures with a comparatively small 
number of teeth per pole may more readily be made effective, 
since each tooth will be comparatively quite wide at the root, and 
hence the openings between the coils will be more free for the 
discharge of air. Other instances of good designs of ventilating 
pieces are shown in Figs. 77 to 83. Fig. 77 shows a method 
which has been used by Messrs Dick, Kerr & Co., where the 
stampings are spaced at the teeth by twisting the teeth of one of 
the laminations at right angles. 
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The lower parts of the laminations are spaced by hemispherical 
projections pressed out from the lamination itself to a height 
equal to the width of the duct. It may be noted that this 
construction simply utilises a single core plate on one side of the 
duct,, without introducing any extra pieces. 
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a a a 
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Fig. 80. — Ventilating Spacing- piece. British Thomson Houston. 



As stated above, cast spacing-pieces are being abandoned and 
replaced by sheet metal fingers on edge, the variations in the 
different designs relating principally to the method of securing 
the sheet metal fingers. 

A method is shown in Fig. 78 in which the fingers are 
shrouded together with a ring of wire, riveted into a notch in the 
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side of each finger. These fingers may be curved or shaped in any 
convenient way so that they will stand up firmly on the core plate 
and offer least resistance to the ventilating air. 

In Fig. 79 the fingers are fixed to one core plate by means of 
projections fitting into small slits punched in the plate. The 
fingers are fitted into these slits one at a time, and riveted over by 



] 
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Fig. 83.— Ventilating Spacing-piece. Vickers, Sons k Maxim. 

hand at the back of the plate, rendering them quite firm. This 
is a very eflBcient construction, but the process of riveting the 
fingers into the laminations by hand is rather laborious. 

Fig. 80 shows a satisfactory construction which is employed 
in the B.T.H. 1500 k.w. 1000 r.p.m. turbo-alternators, supplied to 
the Yorkshire Electrical Power Company. 

Figs. 81 and 82 show further methods of the British Thomson 
Houston^Co. and British Westinghouse Co., in which a single plate 

Digitized by VjOOQIC 



80 ARMATURE CONSTRUCTION 

is used for the space block. As will be seen in both cases, small 
pieces of the lamination are nicked out in the plate and turned up 
at right angles. 

Fig. 83 is an interesting method used by Messrs Vickers, 
Sons & Maxim, which may be also seen by a close examination of 
Fig. 85, Chap. V. 

The lower the speed, the smaller the diameter, and the greater 
the length, the more important does it become to give careful 
attention to the details of the design of the ventilating scheme 
and the construction of the spacing pieces. 

Where spacing fingers of the types shown in Figs. 78, 79, and 
80 are employed, it is a good plan to standardise the width of 
ventilating duct to be used on all machines, or else adopt one 
uniform width for small machines and another for large machines. 
This permits of the spacing fingers being manufactured and 
stocked in large quantities. The width of duct employed should 
not be less than 10 mm., nor exceed 20 mm. 
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CHAPTER V 

ASSEMBLING THE ARMATURE CORE 

We now have at hand and ready to be assembled, the armature 
frame, the core laminations, and the ventilating duct distance-pieces. 




Fig. 84. — Assembling a Standard 15 h.p. Core. Vickers, Sons k Maxim. 

Taking first a case where the armature is the rotor, the frame 
(or spider) is placed on end as illustrated in Figs. 84, 85, and 
86. In the case of the small armature shown in Fig. 84, the 
shaft is already in place, and the laminations, which, in this case, ^ 
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are complete discs, are packed upon it one by one. With the 
larger armatures illustrated in Figs. 8r» and 86, the laminations 
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are in the form of sectors, and a number of such sectors are 
necessary to form a complete disc. These sectors are not dimen- 
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sioned to abut precisely against one another ; on the contrary, a 
distance of some 5 mm. is allowed between the radial sides of 
neighbouring sectors, as indicated in Figs. 87 and 88. 




Fig. 87. Fio. 88. 

Diagrams showing clearance between adJHcent Sectors. 

It is distinctly preferable to have the division between two 
sectors along the middle of a tooth (Fig. 87) instead of at the 





Fig. 89. 



Fig. 90. 



Armature Laminations. 



middle of a slot (Fig. 88). The two arrangements are indicated in 
Figs. 87 and 88, and it will be understood from these figures that 
the disadvantage of the arrangement shown in Fig. 88 is that 
there is a liability to rough places at the middle of the bottom of 
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the slot, and these will be points of weakness from the insulating 
standpoint. 

Eeturning to a consideration of Figs. 84, 85, and 86, it will 
be seen that temporary drifts are set upright in the slots to aid 
in maintaining a true alignment. This is a point of great import- 
ance, and it is the authors* opinion that a larger number of these 




Fig. 91. — AssenlbliDg the Core of a Stationary Armature. Mavor & Coulsoii. 



temporary drifts could be employed to advantage. Thus in the 
small armature of Fig. 84 the use of three or four drifts might 
be desirable. This is because, although the drifts militate slightly 
against rapid work in assembling the core, they ensure so much 
more correct alignment as to greatly diminish the amount of 
filing subsequently required at the sides of the slots, and they 
may even make it practicable to altogether dispense with the 
operation of filing the sides of the slots of the assembled core. 

The drifts should be of steel, ground very smooth, and tapered 
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at the upper ends. The edges should be rounded off so as to 
permit of their being driven into place without marring the sides 
of the slots. If only two drifts are used during assembling, as 
indicated in Fig. 84, a third and fourth should be driven in 
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before the assembled discs are finally pressed up and secured in 
their ultimate position on the spider. The drifts should not be 
of more than 0*3 mm. less width than the punch with which the 
slots were stamped out. The drifts should be considerably longer 
than the tinished core, and while building up the core, they should 
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be slightly inclined outward, as illustrated in Fig. 84, as other- 
wise, time would be needlessly lost in working the discs down into 




Fig. 93. —Core ready Assembled and under Pressure. Adolf lingers 
Industria Aktiebolagot. 

place. As the core approaches completion, the drifts should be 
gradually, by light tapping, forced into a more nearly vertical 




Fig. 94.— Complete Assembled Core of 50 h.p. Machine. Vickers, Sous k Maxim 



position. If the core plates are dusted over with French chalk 
they will be more free to slip into their correct position above 
one another, and the process of assembling will thereby be 
facilitated. 
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Fig. 95. — Complete Assembled Core of 120 li.p. Motor. Vickers, Sons & Maxim. 




Fig. 96. — Complete Assembled Core of Machine by AliotU Co. j 
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When assembling the punchings, care should be taken that 
they are all laid with their burred side in the same direction, i.e. 
either Uppermost or vice versd. The reason for this is, obviously , 
to correct for any imperfections in the punches and dies; for if 




Fig. 97. —Complete Assembled Core of 10 pole 400 k.w. 100 r.p.m. Generator. 
Dick, Kerr k Co. 

the discs are always laid with their burred side uppermost, the 
key-way will ensure that any discrepancies in the dies will be 
superposed. Cases have been noted where supposed unsatis- 
factory laminations have been found to be excellent when this 
precaution was observed in assembling. For the purpose of 
ensuring the assembling of the discs with the same side upper- 
most, just as they were punched, it is sometimes the practice to 
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stamp out a small notch in the inner periphery of the disc, as 
shown in Fig. 90. This notch is sometimes punched in the 
key-way displaced from the centre, as in Fig. 89. 

Experience will show the number of core plates of a given 
thickness which can ultimately be pressed together per centimeter 
of core length. Hence, when the suitable quantity has been 




Fig. 



98. — Assembled Armature Core of Fig. 97 witli Commutator fixed. 
Dick, Kerr & Co. 



assembled, a ventilating piece is laid on, and the assembling of 
the core plates is resumed. When the correct total number of 
core plates has been reached, the end flange is placed in position. 
In the case of large armatures, such as those of Figs. 85 and 86, 
bolts securing the two end flanges and core together may be 
employed to draw up the core to the correct dimensions ; but it is 
preferable to obtain the necessary pressure by hydraulic power, 
and afterwards hold the core to these dimensions by the bolts. 
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The choice of method is, of course, dependent upon the factory 
equipment ; but it may be said that in the case of small armatures 
hydraulic pressure is generally employed. 

Where the external stator is the armature, as in Figs. 91, 
92, and 93, the process is so closely similar to that above 
described as to make it sufficiently understood from the illustra- 
tions without further comment. 

In Figs. 94 to 102 a number of completely assembled 
armature cores is shown. 




Fig. 99. — Complete Stator of Induction Motor by Alhnauna Svenska 
Elektriska Aktiebolaget 

In work of this nature, the pressure desirable in assembling 
(whether obtained hydraulically or otherwise) is some 21 kgs. per 
sq. cm. (300 lbs. per sq. inch) gross surface of the laminations. If 
the pressures fall materially short of this amount, a thoroughly 
solid result cannot be ensured. 

In a particular instance, a pressure of 10 tons is used in 
pressing up an armature core with discs of 300 mm. diameter. 

In small armatures it is not customary to hold the core 
together with bolts passing through from one flange to another. 
One method is that shown in Fig. 332, Chap. XI., in which the , 
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Fig. 100. — Complete Assembled Stator ready for Winding. Scott & Mountain. 
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removable flange is drawn up to the spider by short bolts. The 
use of circumferential keys, as shown in Figs. 69, 72, and 74 of 
Chap. TIL, may, in the case of small stationary armatures, be 




Fig. 101. — Oom^ilete Assembled Armature of large Generator. 
Allnianna Svenska Elektriska Aktiebolaget. 



preferable to bolts. A construction which has been considerably 
employed for tramway motors is shown in Fig. 60, Chap. III., and 
consists in screwing the end flange on a threaded portion of the 
spider. In other cases it is screwed upon a threaded portion of 
the shaft, as shown'in Figs. 61 and 64, Chap. III. 
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CHAPTER VI 

CONSTRUCTION OF SQUIRKEL CAGE ARMATURES 

The design and construction of squirrel cage armatures is com- 
paratively a simple problem, as these pieces of apparatus are by 
far the least complicated types of armature occurring in any class 
of dynamo-electric machinery. 

A squirrel cage armature, when completed, forms a very 
hardy structure, and it is largely on account of this and of its 
inherent simplicity that the squirrel cage induction motor 
recommends itself for such a large field of work. 

So far as the spicier is concerned, this does not differ much 
from the spiders used for ordinary continuous-current armatures, 
many types of which have already been referred to in Chap. III. 
As, however, with squirrel cage armatures there are no collector 
rings or commutator present, the spider may be made exactly 
symmetrical about the vertical axis of the machine. Thus a good 
spider for supporting the laminations of a squirrel cage rotor 
need only consist of a simple armed spider, with a pair of similar 
end flanges to clamp the laminations together. 

For small motors, where the internal diameter of the rotor 
stampings is small, no spider is necessary, and the laminations are 
mounted directly on the shaft. This plan is sometimes applicable 
to rotors of larger diameter, where the laminations would have 
apertures stamped in them for purposes of ventilation, as in the 
illustrations in Figs. 64 and 84 on pages 67 and 81. 

Fig. 103 shows a typical rotor construction on this plan. In 
this case the stampings are clamped up between two end flanges, 
one of which fits up against a shoulder on the shaft, and the other 
is screwed on to the shaft at the other end of the core ; or it may 
be secured by a separate collar screwed on the shaft, and fixed by 
a grub-screw or a lock-nut. A method sometimes adopted in very 
small rotors is to make the end flanges with a small boss project- 
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ing away from the core, through which a pin is driven into a hole 
drilled in the shaft ; or the flanges may be in this case secured by 
a grub-screw set in the boss. In shafts of any size it is, of course, 
inadvisable to drill a hole through the shaft, and hence this plan 
should not be employed. 

Fig. 104 shows a good construction for rotors of moderate size. 
In this case the spider consists of a cast-iron boss with four radial 
arms, which project to the internal periphery of the stampings, 




Fig. 103. — Drawing showing Typical Construction for small Rotor 

the latter being secured to the arms by means of a square key ; 
this engages in a key- way, milled longitudinally along the face of 
one of the arms, and a key-way punched at the internal surface of 
the stampings. The core is drawn up together between a pair of 
end flanges which are exactly similar, and may be cast from the 
same pattern, by means of four bolts which just clear the inside 
of the stampings. As a matter of fact, most of the methods of 
drawing up end flanges and securing stampings to the spider arms 
shown in Chap. III. may be used in this connection also equally 
well. A point to be noted about the construction in Fig. 104 is 
that there is no external cylindrical shell connecting the outside 
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ends of the spider arms, and it is a good plan to dispense with 
this whenever possible, as 
it constitutes a needless 
obstruction to the venti- 
lating air. 

In very large rotors, 
however, a very massive 
and safe construction is 
necessary, and the lines 
indicated in any of the 
large spiders for con- 
tinuous-current dynamos 
given in Chap. TIT. may 
be followed. As a good 
deal has already been 
said about large spiders 
for continuous - current 
armatures in that 
chapter, it is not neces- 
sary to dwell any further 
on the matter here. 

Turning now away 
from the spider, the chief 
variation in the con- 
struction of the squirrel 
cage armatures is in the 
methods of constructing 
and securing the end 
rings of the squirrel cage 
windings. There are 
practically no electrical 
considerations of import- 
ance in connection with 
the squirrel cage wind- 
ings, the only necessity 
being to make a sound 
mechanical job of the 
winding. This is not a 
difficult problem, and 
there are many different 
types in use which are of thoroughly satisfactory character. The 
conditions to be met are, firstly, the fixing of the conductors in 
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the slots ; and secondly, the fixing of the end rings which short- 
circuit the bars at each end of the core. So far as the securing of 
the bars in the slots is concerned, this is easily accomplished by 
packing them tightly with a layer of some suitable insulating 
material such as red fibre or leatheroid. 

The method of fixing the end rings depends somewhat on the 
shape of the section of the conductors. Below are given several 




Fio. 105.— Squirrel Cage Rotor. Lancashire Dynamo Co. 



good types of construction for both round bars and bars of rect- 
angular section. In modern designs there is a tendency to 
increase the total amount of copper on the rotor for various 
reasons in connection witli the design and performance of the 
motor, into a discussion of which we have no occasion to enter 
now. In such designs the total cross section of each bar becomes 
larger and larger, and it is necessary to use slots having a radial 
depth great compared with their width, in order to get room for 
the required amount of copper on the periphery. 

In cases where a round bar, and, consequently, a circular slot, 
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can be employed, any of the few following constructions is quite 
efi&cient. Fig. 105 shows a photograph of a very strong construc- 
tion employed by the Lancashire Dynamo and Motor Company 
for their squirrel cage rotors, and Fig. 106 a sectional sketch 
through the end ring of the same construction. The end ring is 




Fig. 106.— Typical methods of fastening end rings to oircular Rotor Bars. 

in this case drilled with a number of holes equal to the number 
of slots on the rotor, these holes being of rather less diameter 
than the body of the rotor bar. The latter is turned down at its 
end to a diameter which will just make a good fit into the holes 
in the end ring. The holes are counter-sunk on the outside face 
of the ring, and the ends of the bars riveted over, as indicated in 
Pig. 106. The bars may also be sweated at their joints with the 
end ring as a further precaution for good contact. Then after 




Fig. 107. — Typical methods of fastening end rings to circular Rotor Bars. 

riveting up the bars, the rotor is mounted in a lathe and the 
end rings faced up, giving a well-finished job, as may be seen 
from Fig. 105, in which the riveted ends of the bars are hardly 
discernible. This construction is excellently adapted to with- 
standing very high temperatures, and is therefore very suitable 
for motors which are liable to be subject to starting against a 
heavy torque, in which cases there is a large loss in the squirrel 
cage windings, and liability to high temperature rises at starting. 

Fig. 107 shows another method which is almost as good as the 
previous one, and is perhaps more useful when the cross section of 
the end rings is not very large, as will be seen from the sketch. 
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The bars have a slot milled or punched out on their ends, into 

which is pressed a ring or a 
circular strip of metal con- 
stituting the end ring, the 
joints being sweated up. 

A type of construction 
differing from both of the 
above chiefly in the absence 
of any machining, either to 
the bars or end rings, is 
shown in Figs. 108, 109, and 
110. This method is used 
by the AUmanna Svenska 
Elektriska Aktiebolaget, of 
Fig. 108. -Winding Squirrel Cage Rotor. Sweden, and is the invention 

Allmanna Svenska Elektriska Aktiebolaget. of Emst Danielson. 

This construction affords 
good facilities for cooling. The end windings, and the individual 
wires constituting the end connections, are sometimes proportioned 





Fio. 109.— Finished Squirrel Cage Rotor by Allmanna Svenska 
Elettriska Aktiebolaget. 

for current densities as high as from 2500 amperes to 3500 per sq. 
cm. A finished winding of this type is shown in Fig. 109, and the 
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method of winding will be clear from Figs. 108 and 110. The bars 
are cut from hard-drawn copper wire to the required length, and, 
after being straightened, are driven in the slots from one end with :,. 
a wrapping of fibre for packing. The end windings are carried* 
out by means of soft copper wire of small diameter, which is twisted 
round each conductor in succession until nearly the whole of the 
overhanging portions of the bars has been filled up with these 
windings. 

The end portiongf of the windings are then well sweated up 
with a blow-lamp, or by heating with a gas ring and running in 
solder, which secures the 
fine wires to the bars 
both mechanically and 
electrically. One good 
feature of this winding 
is that it permits of the 
resistance of the end 
rings being fairly easily 
adjusted ; for instance, 
if after the motor has 
been installed it is found 
that a higher starting 
torque is required, it is 
a comparatively simple 
matter to take off a few 
turns of the end winding, 
thus increasing its resist- 
ance, and hence the start- 
ing torque. 

In the cases of Figs. 106 and 107 it would be necessary, in 
order to increase the end ring resistance, to mount the complete 
rotor in a lathe and turn some of the end ring away ; and it 
may here be pointed out that the end ring should be arranged so 
that this is possible without interfering with the rotor bars. 
Thus in Fig. 106 a considerable portion of the section of the end 
ring projects radially inward, and may be turned smaller at will. 

Before leaving rotors with round conductors, there is another 
interesting construction depicted in Figs. Ill and 112. This is 
a construction used by the Alioth Company of Switzerland. A 
front view of one of the end rings is shown in sketch A in 
Fig. 112. The rotor bars, after emerging from the slots, are bent 
down radially. The actual end ring is of the shape indicated in 
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Fig. 110. — Drawing showing section of Winding 
of Rotor in Fig. 109. 
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sketch B, the projecting pieces being bent over the end of the 
bars, as indicated in sketches C and D, the upper row of project- 
ing teeth being bent to the right hand, and the lower row to the 
left, and then all the joints are soldered up. In connection with 
Fig. Ill, one will notice the three large vanes projecting from 
the end of the core. Vanes are employed rather extensively 
nowadays, their object being to act as ventilating fans, and to 
churn air through the machine for cooling purposes. Similar 
blades will be noticed in Fig. 116 ; they should Dot, however, be 
of too large a size, as this will materially add to the windage losses 
of the motor It is probable that the blades in Fig. Ill are rather 
larger than would be desirable, especially if the speed is high. In 




Fig. 111.— Squirrel Cage Rotors by Alioth Co. 

latest practice, it is almost universal to locate the end ring on as 
large a radius as practicable ; thus it is situated directly opposite 
the ends of the slots, as in all the above constructions. A method 
which was used earlier, but which does not obtain largely nowa- 
days, was to bring all the conductors down radially to a small end 
ring fitting on the shaft. Such a construction is shown in 
Fig. 113, which represents an old design of the AUmanna Svenska 
Elektriska Aktiebolaget. In such a construction as this, a high 
resistance end ring is not easily obtained in a case where it is 
necessary, as the periphery of the end ring is very much restricted, 
although the bars are themselves long, and of higher, resistance. 
In addition to this, the structure is not so simple a mechanical 
job as others of the above methods. 
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Now we come to cases where the rotor conductors are of 
rectangular cross section. 

Fig. 115 illustrates a good method, which is similar to that 
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Fig. 112.— Eud Riugs used by Alioth Co. 

illustrated in Fig. 106. Here the end ring has a number of 
slots milled out from the outer circumference, into which the 
bars emerging from the slots fit and are sweated. The slots may- 
be cut on a milling machine with a 
divided head, and, provided this item 
of the process can be executed fairly 
cheaply, the whole method is com- 
paratively inexpensive. 

The method employed by the 
Westinghouse and Thomson Houston 
Companies, is to screw the ring on to 
each bar individually, as shown in 
Fig. 115. This makes a rather longer 
job than the method of Fig. 114, but 

it renders the end rings absolutely safe against coming away from 
the bars, as may occur where solder alone is relied on at the joints. 

The photograph of a rotor carried out on this plan is shown in 
Fig. 116. The construction of the rotor spider and end flanges is 
here worth noticing. The spider follows the lines of Fig. 104, 
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Fig. 113.— Squirrel Cage Rotor by 
Allmanna Svenska £1ektriska 
Aktiebolaget. (Old Type.) 
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thus leaving the internal surface of the core almost completely 
exposed. The bolts connecting the end flanges just clear the 
interior of the core, as in Fig. 104. Each end flange carries 
three projecting vanes for driving the air through. In this rotor 
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Fig. 114.— Typical methods of fastening end Rings to rectangular Rotor Bare. 

there are no ventilating ducts in the core ; and the effectiveness 
of the end vanes, and of the open type of spider, would be much 
increased if one or two ventilating ducts wore present, as the air 
driven in by the blades would circulate through the core ducts and 
effectively cool the body of the motor. 
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Fig. 116.— Typical methods of fastening end Rings to rectangular Rotor Bars. 

A matter of great importance in connection with induction 
motor squirrel cage armatures (and, indeed, any induction motor 
rotor) is the accurate machining of the external surface of the core 
necessitated by the very small air-gaps employed. The values 
employed for the radial depth of air-gap, between the surface of 
the stator and rotor laminations, are shown for various diameters 
in the following table, which represents the writers' average 
practice. 
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Table X. 
Air-gap Depth for Induction Motors. 



Diameter at Air 


■gap 


Radial 


Depth of Air-gap 


in cms. 






in mm. 


20 






0-8 


30 






1-0 


40 






1-1 


50 






1-2 


60 






1-4 


80 






1-6 


100 






20 


200 






30 




For rotors of smaller diameter than 20 cm., which are used in 
very small ratings, air-gaps 
even smaller than 0*8 mm. 
have been used, and in some 
cases as small as 0'5 mm. To 
obtain accurate machining, the 
surface of the rotor iron is fre- 
quently ground up by an emery 
wheel rotating and mounted 
on the slide rest of the lathe 
in whiph the rotor itself is 
being machined, as in Fig. 117. 

It is important for the air- 
gap length to be constant at 
all points around the peri- 
phery, and inequalities in the 
air-gap will be more marked 
and serious when the air-gap 

is small, as is the case with induction motors. When the bearings 
of the motor begin to wear there is a danger of the rotor fouling 
the stator core at the bottom, and it is not now uncommon with 
induction motors to make the end brackets which carry the bear- 
ings adjustable, so that the rotor may be maintained central with 
regard to the stator, to compensate for any wear of the bearings. 

These small gaps are employed for induction motors for reasons 
connected with the electrical design and qualities of the motor, 
prominent among which are the power-factor, and the maximum 
permissible value for the current at no-load. For the same 
reasons semi-closed slots (or, sometimes, totally closed slots) are 
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Fig. 116.— Squirrel Cage Rotor, showing 
CoDstmetion of Rotor Spider and 
Screwed End Rings. 
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generally used, wide open slots being very rarely employed for 
squirrel cage motors. 

If the slots are totally closed, it is necessary for the iron bridge 
over the mouth of the slot, to be very thin ; and this necessitates 
die-work, so that the slot mouths shall not break open in places 
when the rotor core is turned or ground up. 




Fig 117. — Grinding Surface of Induction Motor Rotor. 

Fig. 118 shows a group of typical slots for squirrel cage rotors ; 
types a, h, c, and d are quite common. The slot shown in sketch e 
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Fig. 118.— Types of Slots used in Induction Motors. 

has been used to obviate the trouble just referred to ; in this case 
the bridge across the slot mouth is filed down to a very narrow 
thickness, from the inside of the slot, after the core is assembled 
and machined. 

Some notes on the punching of slots and core plates for in- 
duction motors will be found on pp. 42-46, Chap. II. 
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CHAPTER VII 

COMMUTATOR CONSTRUCTION 

In the present chapter it is proposed to trace the building of the 
commutator, beginning with the raw material and ending with the 
finished commutator. 

While tracing the progress of building, general remarks on the 
materials used and on their properties are inserted ; in the latter 
parts of the chapter some examples are given illustrating typical 
modern constructions for commutators to fill various requirements, 
together with notes on their construction and design. 

Only the softest and most flexible mica should be used between 
segments; green shades of mica, and amber-coloured mica, are f\ 
generally most satisfactory. Amber-coloured flexible Canadian '<- 
mica has been found specially suitable ; other grades of Canadian 
mica are unsatisfactory. In some quarters, green shades of 
mica are preferred, and it is claimed that they are softer and 
more flexible than the amber mica. The colour alone cannot be 
depended upon as a guide to the softness. The white mica from ^ ^ 
North Carolina, and the mica from India, are often too hard for 
the purposes of segment insulation. Softness is far more important 
than high insulation quality; thus while white mica has the 
highest insulation resistance, it is altogether unsuitable for insula- 
tion between segments. In no case should a mica be adopted for 
this purpose without careful tests of its mechanical quality. The 
mica end rings, however, may be made of almost any good quality 
of mica, as for this purpose softness is, of course, of no importance. 
India mica is often employed, for the end rings. The shellac or 
other cementing medium employed in building up the mica seg- 
ments from the flakes of mica, must be thinned and sparingly 
applied, and the plate built up in this fashion must be pressed and 
heated (preferably at one operation) to expel from the plate all but 
an extremely thin film, barely enough to hold the components 
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Fio. 119.— Outline of Commutator Segment 




Fig. 120.— Outline of Commutator Segment. 
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Fio. 121. —Commutator Building Rings. .'^^^^T^ 
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together. As cementing medium, shellac and copal varnishes have 
been used with good results. In the building up of mica plates, the 
pressure should be applied gradually, being increased as the baking 
process proceeds, otherwise the 
component pieces of mica are 
apt to slip and slide apart. The 
plate thus formed is then sawn 
or sheared slightly larger than 
the commutator segment; it is 
afterwards tested and pressed, 
and is finally put through a 
milling machine, which reduces 
it, in the case of large machines, 
to a uniform thickness of about 
0*7 mm. The plates must be of 
extremely uniform thickness — a 
variation greater than '05 mm. 
not being permissible. The seg- 
ments should be of hard drawn 
copper, which are cut up into 
pieces the length of the commu- 
tator. To save time in machin- 
ing the ends of the segments, 
they are often, in the case of 
large commutators, sawn out to 
the shape indicated by the dotted 
line in Fig. 119; or in smaller 
commutators the portions 
marked Ain Fig. 120 are punched 
out in a vertical slotting machine. 
The use of forged segments has 
sometimes been found unsatis- 
factory ; but when drop-forged 
s^ments are used they are 
forged to the required shape, 
and often with the lugs in one 
piece with the segment. All 
the segments for the same commutator must come from the same 
stock, and in any case must be of uniform quality as regards hard- 
ness. The segments are first assembled on end, inside massive steel 
rings (two such rings are often used) studded with stout bolts 
bearing against clamping segments, as shown in Figs. 121 ^\]^^i(> 





Fig. 122. — Commutator Building Rings. 
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Soft sheet leatheroid or fibre 3 mm. thick, and arranged as shown in 
Fig. 121, separates the clamping blocks from the copper segments, 
so that short circuits may be detected by a testing-lamp or magneto 
bell. These are all mounted together, with 
the lowest ends of the copper segments and 
insulations resting upon a horizontal surface 
plate. For the best results, the copper seg- 
ments and mica segments, when thus rough, 
must have their lower ends constitute ap- 
proximately true surfaces, normal to their 
outer surface, otherwise the segments when 
Fio. 123.— Showing objec- first loosely assembled will not come into 

tionable and defective ar- . j.!. ^^ i.T_i.*n 

ranKementof Segmente. ©ven approximately true alignment, but will 
tend to stand as roughly indicated in Fig. 123. 
After the copper and mica segments are all assembled in place, 
they should next be squared up true to a steel square which 
is placed inside on the surface plate, as shown in Fig. 124. 
When all the segments have been trued up as indicated, the 
clamping ring bolts should be tightened up, each a little at a time, 
a quarter or even only an eighth of a turn each time according to 




V 
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Fig. 124.— Squaring up Segments. 

the size of the commutator. The distance between the outside of 
the clamping blocks and the inside of the clamping ring may be 
gauged by a pair of inside calipers, as indicated in Fig. 125. At 
this stage great exactness must be obtained, as otherwise the 
surface will have oval or flat places ; but by frequently calipering 
the distance between the clamping blocks and the ring, and by 
taking time in tightening the clamping blocks by but a very little 
each time, a high degree of exactness may be attained. 

Instead of the arrangement of assembling rings shown in Figs. 
121 and 122, a method is sometimes used of pressing a single 
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heavy steel ring, by hydraulic pressure, over the commutator, 
making a very tight fit. Tiiis is more applicable to small standard 
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Fig, 125.— GaugiDg. 



commutators, but has occasionally also been used for large com- 
mutators, as shown in Fig. 128, which illustrates the assembling of 
a 750 k.w. commutator by this method. Fig. 127 shows the 
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Fig. 126.— Commutator Heating. 

segments assembled with their insulators, preparatory to pressing 
on the ring, for which purpose they are temporarily bound up 
with a few turns of stout wire, tape or rope. (Fig. 127 relates 
to a 75 h.p. commutator.) . t^r^n\o 
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Apother method, suitable for small standard commutators, is 
illustrated in Fig. 129, which is self explanatory. 




Fio. 127. — 75 h.p. Commutator before pressing into the Building Ring. 
Vickers, Sons k Maxim. 

"^ For applying heat, perforated gas-pipes are bent in a circle to. 
correspond to the inside and outside surfaces of the ring of 
segments, the perforations being on the side of the pipes facing 




Fig. 128. —760 k. w. Commutator in Building Ring ready for turning. 
Vickers, Sons k Maxim. 



the copper, as indicated in Fig. 126. A suitable temperature is 
attained by adjusting the relative supplies of gas and air. The 
copper should be heated to a temperature of some 150° Cent. The 
clamping blocks should be tightened, little by little, by means of 
the radial bolts, as the heat drives the cement out from the mica. 
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It is of importance to supply the heat slowly, as, otherwise, the 
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moisture sweated from the iron and copper from the internal 
surfaces (the sweating from the external surfaces is, of course. 
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freely dissipated) is absorbed by the excess cement, and may lead 
to acid formations, which if retained anywhere — as, for instance, in 
cavities — may ultimately cause disintegration of the mica insula- 
tion, especially if any trace of oil ever gains access to these parts. 

Where, for a special commutator, it is too expensive to provide 
the rings of gas-pipe, the heating may be accomplished, though 
less effectively, by individual Bunsen burners ; but this takes 
longer, and is far from satisfactory. From one to two hours 
application of the heat is generally sufficient when rings of gas- 
pipe are employed, and during this period the gas-pipe should be 




M 

^^ 

Fig. 130.— Macliined Commutator ready for Bush, showing Building Rings and parts. 

frequently slightly shifted to avoid concentrating the heat upon 
any particular places, and to avoid ^^destroying the leatheroid 
or fibre insulation. It is a good plan to line the inner surface 
of the segments with sheet iron, to prevent the flame from 
carbonising the cement in the mica strips. One should continue 
to uniformly and gradually tighten up the clamping blocks during 
the cooling process. When cold, the V-grooves at the ends of the 
segments are turned on a boring mill, and the segments are then 
tested for short circuits. Fig. 130 shows the commutator after 
the V-grooves have been turned in the ends, the commutator still 
being held In the assembling rings, of the type shown in Figs. 
121 and 122. On the right-hand side of the figure may be 
seen the mica V-rings, and on the left the commutator bush and 

Digitized by V^OOQIC 



COMMUTATOR CONSTRUCTION 115 

clamping end plates. Fig. 131 shows a small commutator after 
machining the interior and ends, assembled in a single ring as in 
Fig. 128. 

The end clamping rings with their insulations are then put 
in place, adjusted, and tightened up, preferably by the application 
of hydraulic power. Fig. 132 illustrates the process of pressing 




Fio. 131. — Machiued Commutator in Building Ring ready for Bush 

the V end rings on to the commutator under hydraulic pressure. 
The bolts which hold the end rings together are tightened 
at the same time, so that, when removed from the press, the 
commutator is a rigid structure. With the increasing size of 
commutators there is a general tendency to dispense with 
hydraulic power for this process; but it is, nevertheless, of 
advantage — at any rate up to diameters of 2 feet or more — 
though the equipment is expensive. For a 30-inch diameter 
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Fio. 132.— 200-ton Press for squeezing Commutators. Vickers, Sons k Maxim. 
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commutator, 60 tons pressure should be applied, or, say, 1200 
lbs. per inch of circumference for a very rough rule. For 
very large diameters, some firms have employed massive solid steel 
rings, with slightly conical internal surfaces, and have forced these 
over the segments by three presses, equidistant about the periphery. 
But this is now generally abandoned, and the radial pressure is, 
for large commutators, practically universally applied by means of 
an external steel ring provided with numerous radial bolts, 
bearing on clamping blocks as already described; and where 
hydraulic pressure is employed, it is for the purpose of tightening 
the end clamping rings. Where hydraulic pressure is dispensed 
with for this purpose, it is the more important to have numerous 
massive bolts for drawing up and permanently holding the end 
rings. After again testing for shorts and grounds, the external 
clamping rings are removed. The commutator is now again 
heated by means of the outside ring of gas-pipe. A still further 
amount of cement is thus driven out, and the bolts retaining the 
end clamping rings are gradually tightened up, a very little at a 
time, during the process ; or, and preferably, the hydraulic pressure 
is applied before and during each tightening of the bolts. The 
tightening is continued during cooling. A test for shorts and 
grounds is again made; the surface is then turned roughly and 
the insulation again tested. The commutator is now in the state 
shown in Fig. 133, and is ready to be bolted on to the armature 
spider, preparatory to connecting it up to the arma- 
ture windings, after which the commutator surface 
undergoes final machining. A good plan some- 
times employed, consists in using segments with 
the internal edges rounded, as shown in Fig. 134, 
the internal surface in this case not being turned. 
This construction gives a long leakage path at the fig. 134.— Sketch 
bottom, from segment to segment ; and as the inner showing rounded 

. . ., , . . 1 1 ^1 ^ 1 edges of Coramu- 

surface is so inaccessible, it is thought that the pre- tator Segments, 
caution is desirable. It is not so obvious that this 
is the case, since the corners afford lodgment for dust ; and hence 
the interior must be made inaccessible to dust, and carefully 
cleaned out before being closed in. The mica end rings of w 
commutator should be from 1*5 to 3*0 mm. thick, according to the 
voltage and size of the commutator. Both for the end rings and 
the segment mica, the secret of success rests largely upon the 
application of heat, say, 200° Cent., whenever pressure is used. 
This facilitates the exudation of all but a minimum residue of 
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cement and moisture, and assists in making the structure compact 
and solid. It must, however, not be carried to such an extent as 
to carbonise the cementing varnish ; for in this case any oil in 
proximity to the mica insulation would be absorbed, and ultimately 
lead to the disintegration of the mica plates. Some firms supply 
built-up mica plates, for which they claim that the adhesive 
matter in the finished plate does not exceed 1'25 per cent, of the 




Fig. 135. — Typical modern large Commutator Construction. 



weight. The product of different manufacturers varies greatly in 
this respect, and comparative tests of various qualities as regards 
softness, percentage of adhesive matter, and heating, when 
subjected to a high potential test from side to side, are very 
desirable before determining upon the quality to be employed. 

As before stated, with the rapid increase in the size of the 
commutators, the use of hydraulic pressure has been more 
or less given up ; it would, nevertheless, appear to be of advan- 
tage in the interest of obtaining the greatest possible solidity. 
Hydraulic pressure should also be employed in pressing up the 
armature laminations, and machinery suitable for both these 
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purposes is to be recommended. The temporary external clamping 
rings, bolts, and segmental plates should be of the most massive 
construction, as roughly indicated in Figs. 121 and 122. This 
should also be the case with the permanent end rings and the 
commutator spider. The depth of the copper segment should be 
very liberal, not with a view to permitting repeated turning or 




Fig. 136.— Typical Commutator Construction for large Traction Dynamo. 



grinding of the commutator surface (this becomes superfluous in 
good designs), but with a view to mechanical strength. The 
radial depth of copper below the inner corners of the end 
clamps should, therefore, be very liberal. The segments should 
be repeatedly and vigorously tapped during the application of 
the pressure and the heating. A construction with a massive 
commutator spider projecting from the armature spider is to 
be preferred, both on account of the superior ventilation and 
of the relative rigidity of armature conductor and commutator 
segments. A good modern construction on these lines is indi- 
cated in Fig. 135. Fig. 136 shows an alternative construction 
for large commutators. Unlike the construction of Fig. 135, 
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this commutator is built on an armed spider, which is subse- 
quently mounted on an extension of the armature spider — a plan 




Fig. 137. — Large Finished Commutator. Dick, Kerr & Co. 



which is frequently used in large commutators. A photograph 
of a commutator built on these lines is shown in Fig, 137. In 
connection with the mica V-rings, it may be noted that there is 
a difference between their arrangement in Figs. 135 and 136, 
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In Fig. 135 the mica V-ring is in one piece, fitting over the 
V of the metal end ring; whereas in Fig. 136 the mica V-ring 
is made up of two pieces, which wedge up together at the roots 
of the dovetail in the commutator segments, where a small recess 
is turned. 

The latter practice is recently becoming customary with 
several makers, and it is stated that it gives more satisfactory 
results, and the insulating rings have better insulating properties. 




Fig. 138.— Cuinponeiit parts of large Commutator. Dick, Kerr & Co. 



It is said that in some cases where the liitherto common 
method of Fig. 135 is employed, the mica ring gets strained at 
the corner of the V when subjected to the pressure during the 
tightening up of the commutator, and is liable to break in places 
at the corner of the dovetail. It is further maintained that it is 
not reasonable to expect such good insulation in a micanite ring 
with a small radius of curvature as may be obtained with two 
independent cones. 

Fig. 138 shows a group of the component parts of a similar 
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commutator. In these cases, where practicable, it is preferred to 
mount the commutator spider upon an extension of the armature 
spider, rather than upon the shaft. 

It is sometimes customary to construct the end V clamping 
ring in several sections, each of which is separately bolted on to 
the spider, as this arrangement enables any single faulty bar to be 
repaired and replaced without disturbing the rest of the commu- 
tator. This is only to be recommended for large commutators, but 
even in these cases it is not now often used. 

Fig. 139 illustrates a commutator of this type by Messrs 
Siemens & Halske. 




Fig. 139.— Commutator for 110 k.w. 600 volt. Dynamo, Siemens k Halske. 



For small commutators the construction shown in Fig. 140 is 
suitable. This construction is arranged to provide for good 
ventilation on the inside of the commutator, and to this end the 
internal surface is left exposed and the end plates left as open as 
practicable. 

In moderate and large-sized commutators it is standard practice 
td employ rolled or drawn copper for the segments, with a radial 
lug of copper strip fixed at the back end of each segment for con- 
necting it on to the ends of the armature coils. 

The lug is commonly fixed as shown in Fig. 141 ; the segment 
is drilled with three or more holes A, and one side milled away to 
a depth equal to the thickness of the strip, which is held on by 
rivets in the holes A and then brazed or sweated on. 
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In Fig. 141 the lug consists of two strips, one on the 
other, riveted together, which separate at their outer end and 
embrace the ends of the armature coils in the manner shown. 



o q\ 



o ©I 








Fio. 141. Fig. 142. Fio. 143. 

Methods of attaching Commutator Lugs and connecting to Armature Conductors. 

If the lug is only a single strip of copper, it is brought 
round, as shown in Fig. 142. 

Another method of fixing the lug to the segment is to mill out a 

groove at the end, into which the 
lug is sweated, as in Fig. 143. Fig. 
144 shows a photograph of a com- 
mutator having these grooves. If 
the commutatordiameter is nearly 
equal to the armature diameter, so 
that no lugs are necessary, the con- 
ductors, if of rectangular section, 
are brought out straight into the 
milled groove as shown in Fig. 145. 
If the commutator is forged 
with the lug in one piece with 
the segment, the arrangement of 
Fig. 145 is commonly used. 

Fig. 146 shows a common 
method for wire wound armatures. 
Fig. 147 shows a method in 
which the lug is attached to the 
segment by screws; this method is not frequently employed. 
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In general, the breadth of the segment at the periphery of the 
commutator should not be, except in the case of very small motors, 
less than about 4 mm., but there is no reason why smaller thick- 
nesses cannot be employed in certain cases. The factors which 
limit the thickness of the bar are the method of manufacturing 
the bars and the mode of attaching the lug, or the ends of the 
armature winding. In fact, a thickness down to less than 3 mm. 
may be quite practical, as is instanced by the following figures 
quoted by R. Livingstone : ^ — 

014 in. (3*6 ram.) thickness in a commutator 30 in. (760 mm.) 
diam. x 9 in. (228 mm.) long. 





mi 



Fio. 145. 




Fig. 146. Fig. 147. ' 

Methods of attaching Commutator Lugs and connecting to Armature Conductors. 

0125 in. (3'2 mm.) thickness in a commutator 19 in. (482 mm.) 
diam. x lOJ in. (260 mm.) long. 

0*105 in. (2*72 mm.) thickness in a commutator 15 in. (380 
mm.) diam. x 5^ in. (140 mm.) long. 

0*098 in. (2-5 mm.) thickness in a commutator 8 in. (203 mm.) 
diam. x 3 in. (76 mm. ) long. 

As further examples, the following are four cases from the 
writers' designs : — 

3*1 mm. thickness of segment 185 mm. diam., 30 mm. long. 
2-2 „ „ ,, 254 „ 65 „ 

3*0 „ „ „ 200 ,, 50 ,, 

3-0 „ „ ,, 280 ,, 70 

1 Mechanical Design of Comnautators for Direct Current Generators, 
Electrician, vol. Ivii. pp. 171-172, May 18, 1906. . ....,.,.> 
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Commutators for High Speeds. 

In ordinary dynamos the linear speed at the periphery of the 
commutator does not exceed 20 metres per second, and is prefer- 
ably less than 14 metres per second; but with high speed 
dynamos, such as are used for direct coupling to steam turbines, 
the peripheral speed may necessarily be as high as 35 or 40 
metres per second. 

To keep down the peripheral speed it is necessary to employ 
small diameters for commutators, but to get a sufficient number of 
segments in the periphery and also to obtain a well-proportioned 
commutator with sufficient collecting and radiating surface, such 
diameters have to be employed, with high speed dynamos, as lead 
to peripheral speeds as high as those just mentioned. 

The characteristics of high speed commutators are the small 
diameters and great axial lengths. The high centrifugal forces on 
the segments, incident to the high speed, render inadequate the 
ordinary constructions as outlined in the previous part of this 
chapter. Consequently, special constructions have been necessary, 
of which that shown in Fig. 148 is typical, and the general lines 
on which this is built are now becoming standard for high speeds. 

Instead of the ordinary V clamping rings, the segments are 
retained by stout steel rings shrunk on the outside of the 
commutator. 

The process of building such a commutator is as follows: — 
The segments are first assembled with the mica pieces between 
them, in the manner described earlier in this chapter, and held 
together with a few turns of wire or rope. The steel rings are 
then shrunk on over the segments, with a layer of mica to 
insulate them from the segments. The assembly is now put on a 
boring mill and the interior machined, the ends being bored taper, 
as seen in Fig. 148. 

The commutator shown is built up on a sleeve; but it is 
common practice, especially with smaller commutators, to bed 
the commutator direct on the shaft, a taper being turned on the 
shaft at the end nearest the armature, to fit the taper to which 
the interior of the commutator is bored. In the latter case the* 
shaft, or, in Fig. 148, the metal sleeve, is covered with a sleeve 
of mica. 

The commutator is held up against the taper at the armature 
end by means of a double taper collar fitting the taper bore on 
the inside of the commutator at the other end. These collars are 
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tightened up by means of a pair of lock-nuts on the sleeve, or on 

the shaft direct. 

After the commutator has been assembled in this way, it is 

ready for machining on the outside ; the steel rings as well as the 

segments being turned all over. For high speed commutators, 

the sections for the segments shown in Figs. 149 and 150 have 

been employed, with a view 
to further security of the seg- 
ments against the radial forces. 
The construction shown in 
Fig. 149 is used by the Brush 
Electric Engineering Company, 
and the construction shown in 
Fig. 150 is the invention of 
James Burke. It will be seen 
that the adjacent segments lock 
on each other along their whole 
length : the segments in each 

case would be cut to the required lengths from bars rolled or 

drawn to the required section. 

Commutator bushes or spiders are generally of cast iron, as are 

also the V clamping rings, except in large commutators, where 

steel is usually employed. 

In very small commutators the bush and end V-rings are often 

of brass, the end ring being tightened on to the brush by a screwed 

collar, instead of being drawn up by bolts as in larger sizes. 





Fig. 149. 



Fig. 150. 



Types of Segments used for High-speed 
Commutators. 
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CHAFrEE VIII 

CONTINUOUS-CURRENT ARMATURE WINDING SYSTEMS 

For all except comparatively small designs, a type of armature 
winding known as a " Multiple-Circuit Winding " is almost 
exclusively employed for continuous-current machines. This 
winding owes its name to the circumstance that there are as many 
conducting paths (circuits) for the current to traverse in passing 
through the armature from the negative to the positive brushes, 
as there are poles in the machine. Multiple-circuit windings may 
either be "simplex " or they may be " multiplex " (i.e, duplex, triplex, 
etc.). Multiple -circuit multiplex windings are, however so little 
employed that it is not convenient to always state explicitly that 
a certain armature has a multiple-circuit simplex winding. It is, on 
the contrary, customary and practicable to simply state that it has 
a multiple-circuit winding, and to realise that, if it had a duplex or 
triplex winding, it would be explicitly stated that it had a multiple- 
circuit duplex winding or a multiple-circuit triplex winding, as the 
case might be. So let us, for a considerable part of this chapter, 
completely dismiss from our minds the knowledge of the existence 
of any type of windings other than multiple-circuit simplex wind- 
ings, and let us refer to these as " multiple-circuit " windings.* 

Let usj furthermore, begin by limiting our thoughts to 
windings with but one turn between adjacent commutator seg- 
ments. Such an elementary turn, with its corresponding com- 
mutator segments, is illustrated diagrammatically in Fig. 151. 
Suppose that this is a turn of a 4-pole winding with 96 segments ; 
then there will be 96 turns, and hence 2x96 = 192 face con- 
ductors. If, as in Fig. 152, we denote the left-hand conductor by 
1, then the number of the corresponding right-hand conductor of 
this single turn will be found by adding 



(¥^0= 



47 or 49 to 1. 



* A chart showing the derivation of the types of continuous-current 
windings is given in Plate XIV. 
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Hence, as right-hand conductor of this turn, we should choose 
1+47 = 48, or 1+49 = 50. 

Let us choose the latter, and designate the right-hand 
conductor as number 50, as shown in Fig. 152. 

We shall make a practice of writing the number of each con- 
ductor in some such relative position as that shown in Fig. 152. 

In Fig. 153 we have thus drawn and numbered conductors 
1, 2, 49, and 50. Let us furthermore introduce into Figs. 152 and 
153 the additional convention of representing all even-numbered 



?^ 



Fig. 153. 





Fig. 151. 



Fig. 152. 









^ 



Fig. 154. Fig. 155. 

Conventional Elements of Winding Diagram. 



conductors by dotted lines. If this is a winding with two 
conductors per slot, and if 1 and 2 are the top and bottom 
conductors in one slot, then a moment's reflection will show that 
49 and 50 are top and bottom conductors respectively of another 
slot, as indicated in Fig. 154. 

We thus have the further rule which we must always keep 
distinctly in mind — that top conductors are denoted by odd, and 
bottom conductors by even, numbers. Also, the top conductors 
are represented by full lines and the bottom conductors by dotted 
lines. 

It might be supposed that as 1 and 50 constitute the two 
sides of one turn, 2 and 51 would constitute the ^wo sides of 
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another turn. This is not the case. Conductor No. 2 is con- 
nected to another conductor to the left, and not as yet shown in 
the diagrams ; while conductor No. 51 is connected to a conductor 
to tJie right, and not as yet shown in the diagrams. In fact, the 
state of affairs, so far disclosed by our investigation, is that 
illustrated in Fig. 155. 

We thus see that all top conductors (^.e. all odd-numbered 
conductors) are connected over to the right, and all bottom 




Fig. 166. — Element of Winding Diagram. 



conductors {i.e. all even-numbered conductors) are connected over 
to the left. Just as conductor No. 1 is connected to conductor 
No. (1+49), i.e, to conductor No. 50, so conductor No. 51 is 
connected to conductor No. (51 + 49), i.e, to conductor No. 100 
(see Fig. 157). Similarly, conductor No. 49 is connected to 
conductor No. (49+49), ^.e. to conductor No. 98 (see Fig. 156); 
and conductor No. 97 to conductor No. (97 + 49), i.e. to conductor 
No. 146; and conductor No. 145 to conductor No. (145+49), ie. 
to conductor No. 194. 

But, it will be asked, " Where is conductor No. 194 ? There ^ 
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are only 192 conductors." This, of course, is true ; but as there is 
neither end nor beginning to a circle, so also, in the case of a 
multiple-circuit armature winding, which is arranged on the 
periphery of a circle, we may take conductor No. 194 as having 
its equivalent in conductor No. (194 — 192), ie. in conductor No. 2. 
Thus, finally, we have found out that which we wanted to know a 
few paragraphs back, i,e, the number of the conductor to which 
conductor No. 2 is connected. The quantity, 49, which we add in 




Fig. 157. — Element of Araiature Winding Diagram. 



each case in the process of connecting up, is called the " winding 
pitch," or, briefly, the " pitch," and is denoted by y. We call the 
two ends of the armature the *' front " (or commutator) end, and 
the " back " end. The quantity, 49, is the " back-end pitch," i.e. it 
is the number to be added to any conductor in order to find out 
the conductor to which, at the back end, it is connected. For the 
present it should merely be noted that, at the ** front " end, both 
ends of any turn are carried to commutator segments. 

It is very convenient to diagrammatically represent windings 
as shown in Fig. 156. For the time being, however, the only 
conductors shown and numbered are the ten conductors 1, 2 49, 
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50, 97, 98, 145, 146, as also 51 and 100, as these are the only ones 
to which allusion has as yet been made. 

In such a diagram, it has become conventional practice to let 
the inside of the diagram represent the commutator end, and the 
outside the back end. The face conductors are diagrammatically 
represented by the radial lines, and the end connections by other 
lines, the inclination or curvature of which is so chosen as to give 
a maximum of distinctness to the diagram. 

The final practice. of diagrammatically representing commutator 
segments in winding diagrams, will be shown in a subsequent 
figure. In the case of Fig. 156, the eight little rectangles toward 




% 

WW 
WW 




Fio. 158. — Back-end connections. 



the centre of the figure will be readily recognised as intended to 
represent the commutator segments. 

The only irregular feature of the diagram of Fig. 156 relates 
to conductors Nos. 51 and 100. Conductor No. 100 constitutes 
the right-hand side of the turn of which conductor No. 51 is 
the left-hand member. Similarly conductor No. 53 is connected 
over the back end to conductor No. (53+49), i,e. to conductor 
No. 102. 

Thus also we have : — 
Conductor No. 1 is connected at the back end to conductor No. 50. 

„ <^ ,» >, ,, 52. 

„ ^ )» >> J, 54. 

These steps are taken in Figs. 157 and 158, and were we to 

carry this out all the way round the circumference, we should 

obtain a diagram of which a portion is shown in Fig. 158. 
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In Fig. 159 we have added the two front ends of each turn 
carrying them to independent commutator segments. But this 
gives us 192 segments, and we have stated that our winding, 
which comprises 192 conductors, has one turn, i.e. two conditctors, 






Front-end connections. 




per commutator segment, and hence only 96 segments. Thus we 
must merge every pair of adjacent segments into a single segment, 
taking care, however, to take such pairs as are not the neighbour- 
ing terminals of a single turn, otherwise we should simply obtain 
a set of 96 short-circuited turns. 




^^'^^ \N^ 






m4' 



Fig. 160. — Elements of Armature Winding Diagram. 

With this precaution we shall obtain the diagram of Fig. 160, 
in which the dotted radial lines on the commutator are the lines 
which in Fig. 159 divided the now merged segments. In Fig. 
161 these dotted lines are suppressed. This is still not quite in 
the conventional form ; there is still required the further minor 
modification introduced in the complete diagram of Fig. 162, and 
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consisting in connecting the commutator segments to the winding 
by means of short radial lines which have their equivalent in 
practice in the leads from the winding to the commutator, 
although, of course, some armatures are actually constructed in 
accordance with the method indicated in Fig. 160 — i.e, tlie ends of 
the turns are carried directly to the segments. More often, how- 
ever, the method actually adopted corresponds with the diagram of 
Fig. 162, in which it is indicated that additional strips are intro- 
duced, connecting from the winding to the commutator. 







\ \ \ '• 



; i 1 ^ 






Fig. 161.— Elements of Armature Winding Diagram 



In Fig. 162 we have now drawn the complete winding diagram 
for the armature, which would be arrived at by simply continuing 
Fig. 161. To clearly indicate the front and back winding pitches, 
the turn comprising conductors 1 and 50 has been thickened in. 

We see that the " front end pitch " is equal to 

50-3 = 47, 

Le, at the front end, conductor No. 50 is connected to conductor 
No. 3. As the connection at the front end is carried out in the 
opposite direction, i,e, counter-clockwise, we may say that the 
front end pitch is in this case negative, i.e. it is equal to —47. 
It is customary to denote the winding pitch by y, and to 
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distinguish between the " back end " and the " front end " pitches 
by designating them as 

yb = (** back end pitch ") 
and 

yf={'' front end pitch "). 

In the winding of Fig. 162 we have 

2^6 = 49 
y/=47. 

We may denote the mean pitch as y — i,e. 

yh+yf 49+47 /q 
3^ = ^^-y^ = — J— =48. 

Thus y (i,e, the mean pitch) is equal to the total number of 
face conductors divided by the number of poles. In this case 

192 .Q 
y= — =48. 
4 

The precise values of the front and back pitches are deter- 
mined by taking the one greater by 1 than the value of the mean 
pitch, and the other less by 1 than that value ; thus in the present 
case we have 

y&=2^+l=48 + l=49 

y/=y-l = 48-.l = 47. 

Let us employ this same number of face conductors, i,e. 192, 
but connect them up into a 6-pole winding. 

3^6 = 32 + 1=33; y/=32-l = 31. 

The winding diagram is given in Fig. 163. 

The present treatise deals with questions relating to the 
construction of armatures, and for this reason questions of electro- 
magnetic design are not entered upon, or, at the most, are kept in 
the background. It is necessary to allude to this plan in the 
present chapter, since otherwise the method of dealing with 
armature windings would not be clearly appreciated. In carrying 
out the design of the winding in the draughting office and in the 
construction work in the shop, a considerable degree of familiarity 
with the electro-magnetic properties of windings is highly desir- 
able. It is, however, neither necessary nor desirable to deal 
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with the subject on quite the same lines as would be suitable in a 
treatise intended to be employed exclusively by those entrusted 
with the task of the pre-calculation of the electro-magnetic design. 
Those so engaged can profitably familiarise themselves with the 
aspects of the subject on which emphasis is laid in this treatise ; 
they should, however, also master the further aspects of the subject 
as set forth in treatises dealing more especially with electro- 
magnetic design.^ 

It is believed that, in view of the above explanation, the less 
frequent allusion to the question of current distribution in the 
windings will be appreciated. Briefly, it may be stated that where 
desirable to indicate the paths of the current, the direction through 
the winding from negative to positive brushes is indicated by 
arrow-heads affixed to the radial lines representing face conductors. 
As the current changes its direction as the conductors pass under 
each successive pole, it is only practicable in a single diagram to 
indicate the direction at some particular instant. The rule for 
ascertaining the direction of the current for the case of a machine 
when employed as a generator ,2 is as follows : 

When a conductor passes under a north pole in a clockwise 
direction from the observer's standpoint, tlie electro-motive force 

1 Amongst these treatises, the writer naturally prefers those in which the 
nomenclature here employed has been adopted. The most extensive treatise 
is ArTjfhature Windings^ Parshall & Hobart (New York, D. van Nostrand Co., 
1895). 

The subject is much more briefly dealt with in Electric Machine Design^ 
Parshall & Hobart (London, offices of Engineering^ 1906) ; Electric Motors^ 
H. M. Hobart (London, Whittaker & Co., 1904) ; and Elementary Principles 0} 
Continuous-Current Dynamo Design, H. M. Hobart (London, Whittaker & Co., 
1906). 

Dr Thompson and Prof. Arnold have handled the subject most ably ; the 
nomenclature they employ is, however, considerably at variance with that in 
the other treatises and in the present volume. W. Cramp, however, in a most 
interesting little volume, ArnMture Windings of the Closed Circuit Type (London, 
Biggs & Co., 1906), has employed substantially the nomenclature adopted in the 
present treatise. 

2 It is almost superfluous to state that when the machine is run as a motor, 
the current will flow in just the opposite direction for a given direction of 
motion of the conductor under a pole of a given polarity. The electro-motive 
force induced in a conductor by its passage through the magnetic field, is the 
same in both cases ; but in the case of a generator, the current flows under the 
influence and in the direction of this induced electro-motive force, whereas in 
the case of a motor, it flows in the direction and under the influence of an 
external electro-motive force which is greater than the induced (and, in this 
case, counter) electro-motive force in opposition to which it flows. 
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thereby induced in the conductor, and the current flowing when 
the circuit is closed, will be directed away from the observer. 

In the present chapter the arrow-heads will always indicate 
the direction of the indticed electro-motive force, i.e. the direction 
of both electro-motive force and current for the case of a dynamo. 

The diagram in Fig. 164 differs from that in Fig. 163 only in the 
addition of (1) the brushes as there shown diagrammatically inside 
the circle representing the commutator surface, (2) arrow-heads 
showing the direction of the current, and (3) diagrammatic repre- 
sentations of the pole faces. These latter are sketched at the very 
outer edge of the diagram in order not to confuse the rest of the 
diagram by additional lines. It will be seen that the typical turn 
(represented by heavy lines), consisting of conductors 1 and 34, as 
well as five other equally spaced turns (33-66, 65-98, 97-130, 
129-162, and 161-2), is not provided with arrow-heads. This is 
because, at the instant considered, these six turns are passing 
through the position of short circuit under the six brushes, which 
are shown resting upon the twelve commutator segments connected 
to the twelve ends of these six turns. The direction of motion is 
clockwise, as shown by the large arrow at the centre of the diagram. 

Increased famiharity with armature windings may be obtained 
by constructing so-called " developed " diagrams. A recent sugges- 
tion for the arrangement of "developed" diagrams is that of 
Stembridge.^ In Fig. 165 is shown, arranged in accordance with 
this method, a diagram of a 6-circuit winding with 60 conductors. 
The winding pitches are given by the formula 

60^, 
whence 

3/6=11. 

In a diagram drawn according to the Stembridge method, the 
two ends of the armature are shown exactly the same size with 
the end connections precisely as they might appear on the actual 
armature. The cylindrical surface is shown " developed " or rolled 
out flat on the paper, between the two end drawings, and the 
conductors are shown jointed to their end connections by thin 
lines, which, of course, unlike the other lines, do not represent 

1 "A Simple Method of representing Armature Windings," E. K. 
Stembridge, Electrical World and Engineer^ vol. xlvii. p. 265, 3rd February 
1906. 
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any part of the winding on the actual armature. The advantages 
claimed for this method of representing windings relate to its 
simplicity, the readiness with which it may be drawn to scale, 
and to the fact that the end drawings appear precisely as the 
ends of the actual armature. We have further added, in Fig. 165, 
the six poles of the machine in their correct positions relative to 




Fig. 165. —Developed Winding Diagram for 6-circuit 6 -pole Armature, 
60 Conductors. yf=^,yh = U, 

one another, and have shaded these in two directions to represent 
respectively the N poles and the S poles. As will be seen, this 
diagram permits of the poles being drawn in a true position with 
respect to the armature conductors, and the shaded areas may be 
regarded as developed surfaces of the pole faces. 

The above points render this method of drawing advantageous 
for those whose knowledge of armature windings is very elemen- 
tary ; but to one accustomed to winding diagrams, the ordinary 
diagrams, as in Figs. 162, 163, and 164, present the conditions 
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iufficiently closely, and may be more quickly drawn. Moreover, 
the drawing of the connecting lines between the conductors and 
ends in Fig. 165 is a rather long process, and these lines have no 
counterpart on the actual armature. 



Two-circuit Windings. 

It will have been noticed that in multiple-circuit windings, 
successive conductors (following the winding connections) lie 




Mu/C//i/e Circuit §1 



TrroCtrcuit Tyfie 




Fig. 166. — Elements of Multiple Circuit and Two-circuit Windings. 

under poles of opposite polarity. Thus in the first winding 
considered (Figs. 151 to 162), the- connection was from conductor 
No. 1 over the back end to No. 50, then over the front end to 
No. 3. If conductor No. 1 lies under a north pole, conductor 
No. 50 will lie under a south pole, conductor No. 3 under a north 
pole, etc. The important requirement is that each successive 
conductor shall lie under a pole of opposite polarity. This, it is 
evident, could be accomplished by the arrangement shown in the 
lower half of Fig. 166, just as well as by the arrangement sho'wn 

Digitized by V^OOQ IC 



CONTINUOUS-CURRENT WINDINGS 



141 



above it. The former plan is employed in the so-called two- 
circuit windings, the latter in the multiple-circuit windings. 
Fundamentally, therefore, the windings may be identified by these 
characteristics — namely (at any rate, in the case of windings with 
one turn per segment), as will be fairly readily seen from an 
inspection of an armature, that the connections at the front and 
back ends of a multiple-circuit winding are in the same direction 
when any particular conductor is considered, as seen in the left hand 
diagram of Fig. 167 ; and in opposite directions in the case of two- 
circuit windings, as seen in the right hand diagram of Fig. 167. The 
conductors designated respectively 3 and " equivalent of 3 " in Fig. 
166 are evidently at all times situated in fields of polarity opposite 
to that of the fields in which conductor No. 50 may be situated. 



MulCilile Circuit Tyfie 



Tyyo drcuiC Tyfie 



Fin. 107.— Line representations of Multiple Circuit and Two-circuit Windings. 



In Figs. 168 and 169 are shown, side by side, photographs of 
windings of these two types, and in which these characteristics are 
seen at a glance. 

In Fig. 170 is given the diagram of a two-circuit winding, 
developed by the method which we applied in Fig. 165 to a 
multiple-circuit winding. 

It would be out of place in the present treatise to enter upon 
the theory of these two types of winding, as this is a subject 
which can only concern those individuals whose duty it is to 
carry out the electro-magnetic pre-calculations. Suffice it to 
point out here, that for a given number of face conductors 
and poles, a given magnetic flux from each pole, and a given 
speed, a multiple-circuit armature will have a lower voltage 
at the commutator than will a two-circuit winding. If it 
is a 4-pole machine, the multiple-circuit v/inding will have 
f, i\e. \ the voltage; if a 6-pole machine, f, i.e. \ the volt- 
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age, etc. But it will make up in current capacity that which it 
loses in pressure. Thus, suppose that two 6-pole armatures have 
the same number and size of conductors, and that the magnetic 
flux and the speed are the same in both cases: suppose the 
multiple-circuit winding, for a given heating, gives 600 amperes 
at 200 volts, then the two-circuit winding will give 200 amperes 
at 600 volts. 

In everything that has been said, a two-circuit simplex winding 
has been assumed. , There is, however, another large class of 




Fig. 168.— Completed Lap Wound (Multiple-circuit) Armature. 



two-circuit windings, which may be designated two-circuit multi- 
plex windings. Thus we may have two-circuit duplex, two- 
circuit triplex windings, etc. ; but these are not often employed, 
and unless expressly stated to the contrary, it may be understood 
that a two-circuit simplex winding is meant. 

Multiple-circuit windings are sometimes called " lap " windings, 
and two-circuit windings are sometimes called " wave " windings. 
These two names have been suggested by the characteristics 
illustrated in Fig. 166. **Wave" windings (i.e. "two-circuit" 
windings), are often employed in machines of small capacity, 
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and are also useful for intermediate capacities where the speed is 
low. They are characterised by having two circuits through 
the armature from positive to negative brushes, no matter how 
many poles there are ; each • of the two circuits carries one- 
half of the total current. The "lap" (i,e. "multiple-circuit") 
winding is more suitable for large machines, and is also required 
in machines of intermediate capacity where the speed is high. 
It is characterised by having as many circuits through the 
armature from positive to negative brushes, as the machine 
has poles, the current, of course, dividing equally amongst all 




Fig. 169. — Completed Wave- wound Two-circuit) Armature. 



these parallel circuits. Thus in a 1600-ampere 16-pole machine 

with a multiple-circuit winding, each circuit carries i = ) 

100 amperes. 

Thus, instead of comparing, as in a preceding paragraph, 
two armatures with the same number of conductors connected 
respectively as two-circuit and as multiple-circuit windings, we 
may also instructively compare two armatures for the same 
current and voltage, but wound respectively with these two 
types of winding. If the machine has four poles, then such a 
comparative study will show that the two-circuit winding has 
half as many conductors, and that each conductor is of twice 
the section, since it must carry half the total current ; whereas 
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each conductor of the multiple-circuit winding will only have to 
carry one-fourth of the total current. 

If the comparison is for a 6-pole armature, the two-circuit 
winding will have but one-third as many conductors, and each 
conductor will have three times the section It is- thought that 
these brief statements may be useful as illustrating the general 




Fio. 170. — Developed Winding Diagram for 2-circuit 6-pole Armature, 
62 Conductors. yf= 9 ; 2/6=11. 



fact that two-circuit windings tend toward requiring fewer and 
larger conductors as compared with multiple-circuit windings. 
This is often an attractive property from the point of view of 
the mechanical construction, and advantage may well be taken of 
it in small and moderate sized designs ; but in large, multipolar 
generators, the best results will generally be obtained by means 
of multiple-circuit windings. 

In selecting the precise number of conductors for two-circuit 
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windings, and in interconnecting them, one must conform to the 
requirements of the formula 

in which ^ 

C = number of face conductors 
71= „ poles 

y = " winding pitch/' 

If y (the mean pitch) is an odd number, it may be taken at the 
same value at both back and front ends, i.e. y (mean) may equal 
both yb and yf. Herein is another, although minor, point of 
difference'from multiple-circuit windings. If y is an even number, 
yb and yf must be respectively 1 greater and 1 less (or vice versd) 
than the mean value oiy; or the back and front pitches, may be 
3 greater and 3 less, or 5 greater and 5 less, etc. These pitches 
will, however, generally be taken 1 greater and 1 less. It will be 
shown at a later stage, under what conditions it becomes of 
advantage to take yb and yf 3, 5, etc., greater and less than the 
mean pitch. In Fig. 170 the mean pitch is 10 (y = 10); the. back 
pitch, yb, is equal to 9, and the front pitch, yf, to 11. The winding 
of Fig. 170 is again shown in Fig. 171, arranged according to the 
more usual and convenient conventions. An element of the 
winding is heavily lined in, in order to again impress upon the 
re<'ider this distinguishing characteristic of a two-circuit winding. 
It will be noticed in Fig. 171 that only two sets of brushes are 
indicated, although the machine has six poles. For two-circuit 
windings, two brushes suffice, independently of the number of 
poles; but as many sets of brushes as there are poles are generally 
preferable. For multiple-circuit windings there must be as many 
sets of brushes as there are poles, the only alternative consisting 
in cross-connecting the commutator — a very undesirable practice, 
now generally abandoned. 

Let us construct a 6-pole 2-circuit winding diagram with 58 
conductors. We have n=^6 ; C = 58. 

G = ny±2 
68 = 63/±2 
6y = 60 or 56. 

As 56 is not divisible by 6, we find that the only value for the 
mean pitch is 

Digitized by|_^OOQlC 



U6 



ARMATURE CONSTRUCTION 



Let y6 = ll and 2(/'=9. The diagram is given in Fig. 172. 

Suppose with the same value for the mean pitch, i,e, 
y=10, we had taken yb=y+3 (instead of y+l) = 10 + 3 = 13, 
and yf=y-3 (instead of y—l) = 10 — 3 = 7, then the diagram 
becomes that shown in Fig. 173. 




Fig. 171.— Winding Diagram for 2-circuit 6-pole Armature, 62 Conductors. 
yf=9;yb=n. 

We may also take this same number of face conductors, 
i.e. 58, and construct 4-pole windings. For these cases 7i = 4, 
and our formula becomes 

58 = %±2 

^^ 60 or 56 -p.* . . 
y = = 15or 14. 



Let us take the solution which giyes 

^~ * digitized by Google 



GONTINUOUS'CURRENT WINDINGS 147 

Then we may take 

y&=15 and .y/=15 (Fig. 174), 
or 

y6 = 17andy/=13(rig. 175), 

as both of these comply with our formula, which merely requires 
that y (mean) shall be equal to 15. 

The use of such a small number of conductors, while it aids in 
the study of windings, is in some respects very misleading. Thus 
with the far larger numbers of conductors generally occurring in 
actual practice, these differences in the choice of pitch have a far 
. smaller percentage effect on the winding; and hence may be 
^*^wnployed when useful purposes are thereby served, as we shall 
soon show to occasionally be the case. 

Windings with More than One Turn per Segment. 

In the diagrams so far drawn, we have only had instances of 
windings with one turn per commutator segment; and we have 
represented the two face conductors, constituting the two sides of 
a turn, by numbered radial lines. When, as is necessary in many 
designs, instead of a single turn between two segments there is a 
coil of two, three, or more turns, we may still retain the same 
general scheme of constructing and numbering the winding 
diagram. In these cases we need merely make the mental reser- 
vation that each pair of radial lines, instead of representing the 
two conductors forming the two sides of a single turn^ represents 
the two groups of conductors forming the two sides of a coil. 
Were we to represent the entire number of conductors by radial 
lines, the enormous number of lines and connections would not 
only require, in preparation, a large amount of time and labour, 
but the result would be a very confusing diagram. 

In Figs. 176 and 177 are shown respectively a single three- 
turn coil and the corresponding commutator segments for a 
multiple-circuit winding (Fig. 170), and a two -circuit winding (Fig. 
177). Below these, in Figs. 178 and 179, are shown the corre- 
sponding diagrammatic representation which, in complete diagrams, 
it is preferable to adopt, and in which the group of three face 
conductors is in each case replaced by a single line; the lines 
corresponding to the front end connections of the unrepresented 
turns being suppressed. 

In Fig. 330, p. 278, is shown a section through the slot of a 
four-turn-per-coil winding, with three segments per slot. Such 
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Fig. 172.— Winding Diagram forn=6 ; C = 58 ; 2^=9 ; yb = U. 
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windings are, so far as location in the slot is concerned, susceptible 
to a number of arrangements ; that shown in Fig. 330 is, however, 
the most customary. The upper twelve conductors are, before 
being placed in the slot, made up into a twelve-turn coil with six 
ends, in the manner shown in Fig. 331, p. 279, or in Figs. 308 and 
309, p. 264. 





\ 



6 



Fio. 176. — Multiple-circuit Winding 
— three-turn coil. 



Fig. 177. — Two-circuit Winding- 
three-turn coil. 



Now we come to the question of the influence of the number of 
slots on the choice of yf and yb for two-circuit windings. Suppose 
that we wish to design a 4-pole winding for a 57-slot armature, 
and to employ the coil illustrated in Figs. 330 and 331. There 
are to be three segments per slot, and four turns per segment; 





X 

6 



Fig. 178. Fra 179. 

Single turns representing three-turn coils. 



thus there are six terminals per coil. The twelve upper con- 
ductors of one slot constitute one side of a compact " coil," of which 
the other side shall comprise the twelve lower conductors of some 
other slot. While there are actually 

57x24 = 1368 

ace conductors, we shall consider each group of four conductors 
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to be, replaced by a single conductor. Thus we have 6 " equiva- 
lent " conductors per slot, or 

57x6 = 342 

face conductors. 

G = ny±2 

342 = 4y±2 

340 or 344 q. q. 

y= = 85 or 86. 

4 

Let us examine whether it will be practicable to use 

2(/'=85andy6 = 85. 

We should go from 1 to 86 at the back end, and also from 3 to 88 
and from 5 to 90. Since 1, 3, and 5, together with 86, 88, and 90, 
must constitute a form- wound coil ; then if 1, 3, and 5 occupy the 
top half of some slot, say slot 1, then 86, 88, and 90 must occupy 
the bottom half of some other slot. Slot 1 contains conductors 1, 
2, 3, 4, 5, and 6. The slot containing conductors No. 86, ^^, and 90 
in its lower half, must contain conductors 85, 87, and 89 in its 
upper half. Thus the first 90 conductors must occupy an integral 
number of slots; Evidently this condition is fulfilled, for 

Thus while conductors 1, 3, and 5 occupy the top half of slot 1, 
conductors 86, 88, and 90 occupy the bottom half of slot 15. But 
suppose we had required five segments per slot, then 

= 10x57 = 570 
570 = 4y±2 
4y=572 or 568 
y = 143orl42. 

Suppose we wish to take yf=^ 143 and yb = 143. Then conductors 
1, 3, 5, 7, and 9 go to conductors 144, 146, 148, 150, and 152. 
Thus if 1 is the upper left-hand conductor of slot 1, then 152 
ought to be the slot holding the lower and right-hand side of the 
coil; but since 152 is not divisible by 10 without a remainder, 
that is not the case, and hence it will not do to employ a pitch of 
143 at both ends. But if we change yb to 141, then we have 1, 3, 
5, 7, and 9 connected to 142, 144, 146, 148, and 150. Hence while 
conductor No. 1 is the upper left-hand conductor of slot 1, con- 
ductor No. 150 is the lower right-hand conductor of slot 15, 
which is the required condition. The component turns will also 
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have this ^ame pitch of 141 at the front end ; but the front end 
pitch, so far as relates to the interconnection of the coils, will be 

yf=U3. 
Thus y (mean) = 142, yf= 143, yb = 141. 

A development of a portion of this winding is shown diagram- 
matically in Fig. 180, the front connections of the component turns 
not being shown ; and the three face conductors forming one side 
of a single (four turn) coil being represented by a single radial 
line. This conforms to the diagram which is found most convenient 
in practice, in representing such a winding. 

A little reflection will show that the labour of preparing a 
complete diagram showing each individual turn would generally 
be prohibitive, and furthermore, that it would not be conducive to 
clearness. It is preferable to make the above indicated mental 
reservation, and comply with the more simple practice correspond- 
ing to the diagram of Fig. 180. 

Multiplex Windings. 

As already stated, both two -circuit and multiple - circuit 
windings may be multiplex. As multiplex windings are not to 
be recommended except in special cases, no great amount of space 
will be devoted to their consideration. 



MULTIPLE-CIRCUIT MULTIPLEX WINDINGS. 

Fig. 181 is a diagram of an eight-pole multiple-circuit duplex 

winding. The winding shown is doubly re-entrant, that is to 

say, it consists of two entirely independent conducting systems 

completely insulated from one another. These are represented 

by black and red lines in the diagram. The winding has 300 

face conductors, 150 belonging to each winding. The front end 

pitch is 35, and the back end pitch is 39. In multiple-circuit 

multiplex windings there will be a number of independent 

C 
windings equal to the greatest common factor of - and m, where 

C is equal to the number of face conductors, and m is equal to 

the number of windings. In the present instance we are con- 

C 
sidering a duplex winding. Hence7w = 2. is equal to 150. 

The greatest common factor of 150 and 2 is 2. Hence the winding 
is a doubly re-entrant duplex winding. The pitches must be 
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odd, and must differ from one another by 2m. In this case, 2m 
is equal to 4. Hence, if the front end pitch is taken at 35, then 
the back end pitch should be taken as 35+4, or 39. The mean 
pitch should be approximately equal to the number of face 
conductors divided by the number of poles. In this case the 

mean pitch should be approximately equal to -^, or 37'5. It is 

8 

taken as — ^ — = 37. By keeping the front and back pitches 

the same as in the diagram of Fig. 181, i.e, equal to 35 and 39 

respectively, but employing only 298 conductors, as in the diagram 

of Fig. 182, we obtain a singly re-entrant duplex winding. This 

298 
is a consequence of the rule already enunciated ; for C = -^ = 149, 

and m = 2, and the greatest common factor of 149 and 2 is 1, ie. 
the winding is singly re-entrant. Hence it is impr£U^ticable to 
show it in two different colours, as it is a symmetrical winding in 
which no conductors belong more especially to one half than to 
the other half of the duplex winding. The precise designation of 
these windings is as follows : — 

Fig. 181 — Eight-circuit, doubly re-entrant duplex winding. 

Fig. 182 — Eight-circuit, singly re-entrant duplex winding. 

We may also have triplex, quadruplex, quintuplex, etc., 
windings, and these may have various degrees of re-entrancy. 
Thus a triplex winding may be either singly or triply re-entrant, 
and a quadruplex winding may be either singly, doubly, or 
quadruply re-entrant. 

In Figs. 183 and 184 are shown eight-circuit triply and singly 
re-entrant triplex windings with 300 and 298 face conductors 
respectively. In both cases the pitches are 35 and 41. 



TWO-GIRGUIT MULTIPLEX WINDINGS. 

The fundamental formula for two-circuit multiplex windings is 
C = 7iy±2m, 
where G,ny and m have the same significance as heretofore. The 
m windings will comprise a number of independently re-entrant 
windings, equal to the greatest common factor of y and m. 

In Figs. 185 and 186 are shown eight-pole, two-circuit, duplex 
windings, each with 300 face conductors. In Fig. 185 the pitch 
is 37 at the front end and 39 at the back end, the mean pitch 
thus being 38. Hence, as 2/ = 38 and ^^ildby^dO^^^S ^ 
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doubly re-entrant, since the greatest common factor of 38 and 2 
is equal to 2. 

The formula c = ny±2m ia.complied with, since we have 

300 = 8x38-2x2 
' =304-4 
= 300 

In Fig. 186 the pitch is 37 at both ends, and since the greatest 
common factor of 37 and 2 is 1, the winding is singly re-entrant. 
That the formula C = ny±2m is also complied with in this case, 
may be seen by substituting as follows : — 

300 = 8x37 + 2x2 
= 296 + 4 
= 300. 

In Figs. 187 and 188 are shown eight-pole, two-circuit triplex 
windings. The values of C, n^ y and m, and the re-entrancy, are 
as follows : — 



Number of face conductors (C) 

poles («) . 
Degree of multiplexity (m) 
Front end pitch {yf) . 
Back „ „ (yh) . 
Mean pitch (y) 
Greatest common factor of y and m 


Fig. 187. 

306 

8 

3 

39 

39 

39 

3 


Fig. 188. 

298 

8 

3 

37 

39 

38 

1 


Ee-entrancy . • . 


3. 


1 


Ls to compliance with the formula C = 


■■ny±2m we 


have: 


Fig. 187. 
306 = 8x39-2x3 29 


Fig. 188. 
8 = 8x38- 


2x3 


= 312-6 


= 304-6 




= 306 


= 298 





One could develop an endless number of interesting varieties 
of these windings, but inasmuch as they are at present of much 
less general utility than simplex windings, it would be out of place 
in the present treatise to devote much more space to their con- 
sideration. New developments in the design of dynamo electric 
machinery might, however, bring these windings to the front. 
The last winding of this type which we shall show is that of 
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Fig. 189. It is a six-pole, two-circuit, triply re-entrant sex tuples 
winding. 

71 = 6 m=s6 

In order that it shall be triply re-entrant, it is necessary that 




rm 



Fio. 189. — Six-pole, Two-circuit, Triply Reentrant Sextuplex Winding. 

the greatest common factor of m and y shall be 3. Therefore y 
is taken equal to 9, 

C = n y±2m 

=6x9±2x6 

= 42 or 66. 

Sixty-six conductors have been taken. The three independent 
circuits are shown respectively in black, red and blue. In the 
following table is shown a system of symbols for use in repre- 
senting multiplex windings. The symbols indicate the^^egree of 
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multiplicity and the re-entrancy. They are equally applicable to 
two-circuit and multiple-circuit windings. 

Table XL 

SHOWING MULTIPLICITY AND RE-BNTRANCY OF MULnPLBX WINDINGS. 







Degree of RcenCrskncy 
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Special Two-circuit Windings. 



From the formula 



C = 7iy±2 



for two-circuit simplex windings, it follows that for four-pole 
windings we cannot have four conductors per slot. 

It is with four-pole designs that this is most often found 
embarrassing, but the general rule applying to any number of 
poles is as follows: — 

" In the ordinary two-circuit single winding, C is always such 
a number that the number of conductors per slot, and n the 
number of poles, cannot have a common factor greater than 2.'* 

There are, however, several ways of evading this rule. These are 
illustrated by the diagrams in Figs. 190, 191, 192, and 193, each of 
which represents a two-circuit simplex winding with 40 face con- 
ductors. Were these arranged four per slot, we should have 10 slots, 
which is, of course, absurd for a four-pole machine. This small 
number has been taken merely in order to obtain simple diagrams. 
The principles illustrated are, of course, applicable to designs with 
large numbers of slots. In the winding of Fig. 190, the sequence 
of connections is clockwise until ^9 conductors have been traversed ; 
then, however, the direction of progression is reversed ^m^^^ y^ 




Pig. 190.— Special Two-circuitj Winding. 
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last conductor is reached through a ''special lead" as indicated 
in the diagram. There is an irregularity in the pitch. Starting 
from conductor No. 1, y6 is 9 ; thus 1 is connected with the back 




4-CIRCUIT SIMPLEX WINDING, 

Derived from a 2'Circuit, double winding of the formula c=ny+2m (48=4x11+2x2) 
by omitting every other segment. 

Fig. 194. 

end to 10. yf is 11 in all eases. Thus 10 is connected over the 
front end to 21. But after traversing 21, it is connected over the 
back end to 32 ; i.e. yh is then 11. Thus, while yf is always 11, 
yh is alternately 9 and 11. This irregularity is undesirable for 
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small pitches, as it would constitute a considerable percentage 
of the pitch; but for the large pitches associated with many 




6-CIRCUIT SIMPLEX WINDINGi 

Den'ued from a 2-eircult, triple winding of the formula c=ny+2m (96=6x17-2x3) . 
by leaving out every second and third segment. 

Pig. 195. 

designs the irregularity will have no serious consequences. It 
may constitute a greater percentage of the pitch, the lower the 
reactance voltage. The pitch of the "special lead" connection 
is y6 = 9. Care must be taken in insulating the irregulaj^^gj^l^ 
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ductora of such windings. In this case an even number (20) of 
commutator segments is employed. 

In the winding illustrated in Fig. 191 there are only 19 com- 
mutator segments. In this case the turn comprising conductors 
21 and 30 is not connected into the winding; indeed it is 
frequently not placed on the armature, the space being occupied 
by wooden strips. Thus to all intents and purposes Fig. 191 
merely represents a winding with 38 conductors but with two 
places at which there is greater space between adjacent con- 
ductors than elsewhere. This winding gives better results the 
greater y and the lower the reactance voltage. 

The type of winding illustrated in Figs. 192 and 193 involves 
the use of an extra segment. Thus we have 40 conductors and 
21 segments. On the whole, it is a more attractive method than 
that shown in Fig. 190. Both methods have about the same 
degree of pitch irregularities. 

Special Multiple-circuit Simplex Winding. 

In Fig. 194 is shown a four-circuit simplex winding, which 
has the property of the two-circuit winding of having in the 
four branches a symmetrical distribution of the potential, even 
when the armature is eccentric in the field. This winding is 
derived from a two-circuit double winding by leaving out every 
alternate commutator connection. Because of the above- 
mentioned property, it should have a field of usefulness in 
motors of those ratings requiring several turns per segment, and 
it has the feature of superiority over the two-circuit winding that 
it ensures an equal division of the current between all sets of. 
brushes of the same polarity. Very numerous similar windings 
may be derived. One other of this class is given in Fig. 195. 
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CHAPTER IX 

ALTERNATING-CURRENT ARMATURE WINDING SYSTEMS 

In the present chapter we shall study the question of winding 
schemes and diagrams for alternating-current armatures, following 
much the same plan employed in Chap. VIII. for continuous- 
current armature windings. 

We shall regard the matter chiefly from the standpoint of 
the practical possibilities of the various windings considered in 
conjunction with their diagrams, and questions relating to the 
electrical and magnetic properties of the windings will not enter 
further than is necessary. 

In the case of alternating-current windings, it is possible to 
represent by means of a diagram the aspects of the winding as it 
actually appears on the armature, with more precision than is the 
case with continuous-current diagrams. Thus, such questions as 
the shape of the coils and end connectors, their arrangement in 
layers and their location in the slots, may be intelligently repre- 
sented in the diagrams by adhering to a few simple conventions, 
which will be explained in the course of this chapter. 

When considering polyphase windings, we are able to distin- 
guish between the windings of the various phases by the use of 
different colours for each phase, which is of great assistance in 
studying these windings from their diagrams. 

Alternating-current windings fall at once into two broad 
classes : — 

I. Open circuit windings. 

II. Closed circuit windings. 

The windings of Class I. are in most common use for alternators 
and induction motors. 

The term "open circuit" signifies that the winding (or more 
precisely the winding of each phase) consists of a continuous 
path through the conductors which terminates at two ends — the 
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terminals. So long as the terminals are not connected to any 
external closed circuit, the armature circuit remains " open." 

The windings of Class II. find their application frequently in 
wound rotors for induction motors, and always in rotary converter 
armatures (which are dealt with in the latter part of this chapter). 
These windings consist of a continuous path through the conduc- 
tors, which re-enters on itself, thus constituting a " closed circuit." 
They are carried out, and follow practically the same laws, as 
continuous-current windings, the difference being that instead of 
the winding being connected to the commutator segments at a 
large number of points, it is tapped at a few suitable points and 
connected to the slip-rings for the terminals of the phases. 

In general, any of the continuous-current armature windings 
may be employed for alternating-current work, but the special 
considerations leading to the use of alternating currents, generally 
make it necessary to abandon the styles of winding best suited to 
continuous-current work, and to use windings specially adapted 
to the conditions of alternating-current practice. 

Attention should be called to the fact that all the re-entrant 
(or closed circuit) continuous-current windings must necessarily be 
two-circuit or multiple-circuit windings, while alternating-current 
armatures may, and generally do, have one-circuit windings, ie. one 
circuit per phase. From this it follows that any continuous- 
current winding may be used for alternating-current work, but 
an alternating-current winding cannot generally be used for con- 
tinuous-current work ; in other words, the windings of alternating- 
current armatures are essentially non-re-entrant (i.e. not closed 
circuit) windings. Ee-entrant, i.e. closed, windings are, however, 
the only windings which are applicable to alternating-continuous- 
current commutating machines. 

We shall consider Classes I. and II. separately, and as practi- 
cally all alternating-current generator armature windings are of 
Class I., the greater part of this chapter is given up to the 
consideration of this class. 

I.— OPEN CIRCUIT WINDINGS. 

SINGLE-PHASE WINDINGS. 

We shall first deal with single-phase windings, and this will 
lead into polyphase windings, as by superimposing a number of 
single-phase windings on a given armature at regular and suitable 
intervals we obtain a polyphase winding. In a simpkaingte-phase 
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winding we must 
connect one con- 
ductor or group of 
conductors to a 
similarly situated 
conductor or group 
of conductors under 
the next adjacent 
pole of opposite 
polarity. 

Let us consider 
the case of a 6 -pole 
alternator, the poles 
of which are dia- 
grammatically re- 
presented in Fig. 
196. For primary 
consideration let us 
take one conductor 
situated under each 
pole, represented by 
the thick radial lines 
numbered 1 to 6. 
Now,if thearmature 
revolves in the direc- 
tion indicated by the 
circular arrow at the 
centre of the dia- 
gram, then the in- 
duced electromotive 
forces will be in the 
direction indicated 
by the arrow-heads 
on the thick lines 
representing the 
conductors. Now, 
we have to connect 
these conductors up 
in such a way that 
the electromotive 
forces in all the con- 
ductors act in the 
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166 ARMATURE CONSTRUCTION 

same direction around the circuit. This has been done in Fig. 197, 
where it will be seen that the arrow-heads all point in the same 
direction when the winding is traversed from conductor No. 1 to 
No. 6. 

The ends of conductors 1 and 6 are the terminals of the 
winding, and these we must connect to the machine terminals, 
or to the collector rings (or slip-rings) which are shown as two 
thick concentric circles in the centre of the diagram. . 

The diagram as it now stands represents a single-phase arma- 
ture winding having one conductor per pole. 

The external circuit is connected to the machine terminals. 
So long as the external circuit is not closed there is no completed 
path for the current from one collector ring to the other, and the 
circuit of the armature winding is open — ie, it is an "open 
circuit" winding. 

Now, suppose we have two conductors located under each pole in 
place of the one per pole in Figs. 196 and 197. These will stand as 
shown in Fig. 198, where they have been numbered 1, 1a, 2, 2a, etc. 

If the direction of the rotation is as indicated, the induced 
electromotive forces will be in the relative directions shown in 
each of the conductors. 

Now we will first connect up the conductors at the back end 
of the armature, that is, the outer end in the diagram, following 
the convention of Chap. VIII. We may do this in the manner 
shown in Fig. 199, which gives us a set of six elements, each 
element consisting of two conductors connected together at the 
back end of the armature. 

We have now to connect these elements together in such a 
way that the arrow-heads (representing the direction of the 
induced electromotive forces) follow each other in the same direc- 
tion round the circuit. 

The simplest way of doing this and giving a symmetrical 
arrangement of the connections is in the manner shown in 
Fig. 200, i.e. by connecting at the front end of the armature, 
conductors 2 to 3, 4 to 5, and 6 to 1, which leaves us with 1a and 
6a to connect to the terminals. These are connected each to a 
collector ring or stator terminal, as shown ; and if the circuit be 
traced continuously, starting at one ring and terminating at the 
other, it will be seen that all the arrow-heads point in the same 
direction along the circuit, i,e. the electromotive forces in all the 
conductors act at any one instant in the same direction, and, 
consequently, are added to each other. 
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Now there is a second way in which we can connect up the 
conductors of Fig. 198, and still arrive at a simple and symmetrical 
grouping. If, instead of connecting at the back end conductor No. 1 
to 6a, we connect it to No. 2a, and 3 to 4a instead of to 2a, also 5 to 
6a instead of to 4a, we obtain the result shown in Fig. 201. Here 
we have a set of three elements, each consisting of four conductors 
connected in pairs at the back end of the armature. Fig. 201 should 
be compared with Fig. 199, directly above it. 

If now we connect conductor 2a to 1a, 4a to 3a, and 6a to 5a, 
also 2 to 3 and 4 to 5, we arrive at the winding shown in Fig. 
202, where the ends of conductors 1 and 6 remain as the terminals 
and are connected to the collector rings or other terminals. 

Fig. 202 has been placed under Fig. 200, and these two 
windings, which are equivalent to one another electrically, should 
be compared. 

To bring out more clearly the difference between these two 
types of windings, we have in Figs. 203 and 204 taken a 6-pole 
winding but with four conductors per pole. 

Fig. 203 is drawn after the same manner as the winding in 
Fig. 200, and Fig. 204 after the manner of the winding in Fig. 202. 

It will be first noted that in Fig. 203 the whole of the inner 
and outer circumference (corresponding to the front and back ends 
of the armature) is occupied by connectors between the various 
conductors ; in Fig. 204, however, only half of the inner and outer 
circumference is occupied by these connectors. 

This is clearly brought out by Figs. 205 and 206, which 
represent diagrammatically the back ends of the two armatures 
as they would actually appear with their windings in place. 

There are a few other points which may be observed in connec- 
tion with these two styles of winding. 

Fig. 203, it will be seen, consists of six nearly similar elements 
connected together, while Fig. 204 consists of only three similar 
elements (compare with Figs. 199 and 201). 

It will be convenient to designate the element of each winding 
a " coil," and Figs. 207 and 208 show respectively the coils of the 
windings of Figs. 203 and 204. 

Now, since both these windings are 6-pole, we have in Fig. 203 
one coil per pole or one pole per coil, and, in Fig. 204, one coil per 
pair of poles or one pair of poles per coil. 

This brings us to our first broad division for alternating-current 
windings. Windings having one coil per pole we designate whole- 
coiled windings (the whole of the poles being subtended b; 
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Fig. 201. 



Fig. 202. 



Single-phase Windings. 
Upper row, *' Whole-coiled " Windings. Lower row, ** Half-coiled " Windings. 
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Fio. 205. 




Fig. 204. 



Fio. 206. 



Single-phase WiDdings. 
Upper row, " Whole-coiled " Windings. Lower row, " Half-coiled " Windings. 
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170 ARMATURE CONSTRUCTION 

Windings having one coil per pair of 'poles we designate half- 
coiled^ windings (only half of the total number of poles being 
subtended by coils). 

The above relates to single-phase windings, but for polyphase 
windings the definitions will be : " whole-coiled " windings have 
one coil per phase per pole ; " half-coiled " windings have one coil per 
phase per pair of poles. 

The direction of the current circulation in the coils in each 
case is of interest as bearing on the connecting up of the coils 
to one another. 

If we study the direction of the arrow-heads on the conductors, 
we see that in Fig. 203 the current circulates in a clockwise direc- 
tion in three of the coils, and counter-clockwise in the alternate 
three coils. 

The difference is, of course, due to the situation of the coils 
relative to the poles, as in Fig. 203 any two adjacent coils are 
situated under poles of opposite polarity, whereas in Fig. 204 they 
are under poles of the same polarity. The direction of the 
current circulation has been indicated by a dotted circular arrow 
at the centre of each coil. 

If we wish to connect up the coils so that the current traverses 
the whole winding in the same direction, in the case of Fig. 203 we 
must connect the end of one coil to the end of its neighbour, or the 
beginning of one to the beginning of the next. 

If we mark the left-hand end of all coils S ( = start) and the 
right-hand end T ( = terminate), then T of the first coil must be 
connected to T of the second one, and S of the second to S of the 
third, and so on. This is equivalent to reversing every alternate 
coil on its predecessor. 

In Fig. 204, however, all the coils are connected up in the 
same way for the current to traverse the whole winding in the 
same direction. 

Hence T of the first coil is connected to S of the second, T of 
the second to S of the third, and so on. This gives a less compli- 
cated arrangement of the connections between the coils than is the 
case in Fig. 203. 

This is not a serious matter so far as single-phase windings are 
concerned ; but when we come to polyphase windings, it is more 
important. As a matter of fact, the type of winding shown in 

1 The style of winding shown in Fig. 204 has been designated by Dr S. P. 
Thompson as " Hemitropic," literally signifying " half -turned " or " half-coiled." 
See FoVyphase Electric GurrentSy S. P. Thompson, 2nd ed., 1900, p. 85. 
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172 ARMATURE CONSTRUCTION 

Fig. 204 is in far more common use for polyphase windings than 
that in Fig. 203, although for other reasons than the above (which 
will be dealt with when we come to consider polyphase windings). 

Before leaving this batch of figures it is desirable to point out 
that, in all subsequent winding diagrams, we shall adhere to the 
style of coil in Fig. 208 in all the types of winding into which 
this coil enters. 

This is, it will be seen, wound by commencing with the inside 
conductor of the right-hand group and spiralling outwards, taking 
in all the conductors successively, finishing with the outside 
conductor of the left-hand group. 

It would have been possible to wind the coil in the reverse 
direction, commencing with the inside conductor of the left-hand 
group and finishing with the outside conductor of the right-hand 
group. The previous method is, however, the most usual, and is 
in fact easier to carry out in practice, and hence we shall adhere 
to it throughout. 

So far, when considering single-phase windings, we have only 
considered the number of conductors in their capacity of making 
up a coil, and have not touched on their spacing out on the 
armature or their distribution or concentration relative to one 
another. Thus the conductors constituting a coil may be all 
concentrated in a single large slot, or they may be distributeil in a 
small or large number of slots. 

The two extreme cases are represented in Figs. 209 and 210, 
where we have taken for consideration a coil out of the windiug in 
Fig. 204, consisting of four turns. In Fig. 209 the four turns are 
concentrated in two large slots, each one containing the conductors 
of each side of the coil. In Fig. 210 the four turns are distributed 
over eight small slots, resulting in one conductor per slot. The 
conductors on each of the coils are now spread over four slots. 

We shall employ the terms "single-coil," "double-coil," 
"triple-coil," "quadruple-coil," etc., to designate whether the 
coil (as defined above) is divided into one, two, three, or four 
parts, each part occupying a single pair of slots. Thus the coil in 
Fig. 207 will be a "double-coil," consisting of two parts, and 
occupying two slots on each side of the coil. Similarly, the coil in 
Figs. 208 or 210 is a "quadruple-coil," while that in Figs. 209 and 
211 is a "single-coil." It is desirable not to employ the terms 
'*" uni-slot," " two- slot," '* three-slot," etc., to define the distribution 
of the coil, but to use these terms only to indicate the number of 
slots per pole per phase. Thus such a term as " four-slot " prefixed 
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to the title of a winding only signifies that it has four slots per pole 
per phase. Such a winding is not necessarily " quadruple-coil," as 
we shall see. The broad division between windings, as regards 
their distribution, is ** single-coil " and "multi-coil.** The latter 
describes all windings where the coil is distributed over a number 
of slots greater than unity. 

The " single-coil " winding is often used for single-phase alter- 
nators, as this permits of the most effective disposition of the 
armature conductors as regards generation of electromotive force. 
If more slots or coils are used, or, in the case of face windings, if 
the conductors are more evenly distributed over the face of the 
armature, the electromotive forces generated iii the various con- 
ductors are in different phases, and the total electromotive force 
is less than the algebraic sum of the effective electromotive forces 
induced in each conductor. But, on the other band, the sub- 
division of the conductor in several slots or angular positions per 
pole, or, in the case of face windings, their more uniform distribu- 
tion over the peripheral surface, decreases the self-induction of 
the windings with its attendant disadvantages. It also utilises 
more completely the available space, and tends to bring about a 
better distribution of the necessary heating of core and conductors. 

The advantage of the " single-coil *' winding is that it gives the 
maximum obtainable total electromotive force for a given number 
of conductors, whereas the electromotive force obtained from the 
same number of conductors but distributed or arranged as a 
'* multi-coil " winding is considerably less. The armature reactions 
are, however, for a given number of conductors and a given 
current — greatest when these conductors are arranged as a single- 
coil grouping, which is an undesirable feature. 

While the single-coil type is used considerably for single-phase 
armatures, the windings for polyphase armatures are almost 
always multi-coil, having a number of slots per pole per phase 
varying from two up to as high as ten in turbo-alternators, where 
the high speed renders only few poles necessary. 

In graphically representing single-coil windings it is not con- 
venient to draw out a number of conductors concentrated together, 
and it is customary to represent a single concentrated coil of 
many turns by a thick line with a thin line at its beginning and 
end, representing the terminals. 

Thus Fig. 211 shows graphically a coil of a single-coil winding, 
which may represent a coil of any number of turns. This will 
be employed to represent the coils in any subsequent siML 
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winding diagrams, and the number of turns per coil can be 
specified in any particular case. 

Fig. 212^ shows a 6-pole single-coil winding with the coils 
drawn in this way. Let us suppose that each coil consists of four 
complete turns, then we should have eight conductors located in 
each slot. If now these eight conductors were spread out over 
eight slots instead of being concentrated in a single slot, we 
should obtain the winding shown in Fig. 213. This is an example 
of a thoroughly distributed single-phase winding, the conductors 
being located in slots distributed over the whole of the armature 
periphery at equal intervals. This is now a " quadruple-coil " 
winding, but it is also an eight-slot winding, as there are eight 
slots per pole. 

This arrangement of the conductors gives the minimum value 
for the total electromotive force, whereas the single-coil winding 
of Fig. 212 would give the maximum value. 

It is possible to arrange the winding in other ways between 
these two extreme cases, and Fig. 214 shows one such intermediate 
arrangement. This winding is still an eight-slot winding, but the 
slots are concentrated together in groups, so that they occupy 
two-thirds of the complete periphery of the armature. 

The comparison of the windings in Figs. 212, 213, and 214 
leads up to the matter of spread of the winding, on which the 
total electromotive force depends. 

The spread of the winding is defined as the percentage of the 
periphery which is occupied by windings. Thus the spread of the 
winding in Fig. 212 would be only about 10 per cent., whereas 
in Fig. 213 it is 100 per cent. — i.e. in the latter case the slots con- 
taining the winding are uniformly spread over the whole of the 
periphery. In Fig. 214 it will be seen that the slots are only 
distributed over about two-thirds of the periphery, and the spread 
of the winding is here 66 per cent. 

In the case of the whole-coiled windings (having (me coil per 
pole) the spread is the percentage of the pole pitch which a single 
coil occupies on both sides. Thus in Fig. 214 each side of the coil 
occupies one- third of the pole pitch, and the two sides tc^ether 
66 per cent., which is the percentage spread. In the case of 
the ** half -coiled " windings (having one coil per pole pair) the 
spread is the percentage of the pole pitch occupied by a single coil 
on orie side. 

1 The connections between the coils in Fig. 212 and in Figs. 213 and 214 will 
be clear from what has been said above in connection with Figs. 203 and 204. 
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Thufl if the winding of Fig. 214 were constructed with three 
coils instead of six, i.e, with one coil per pair of poles (as in 
Fig. 204), each coil would cover eight slots on each side, which is 
two-thirds of the pole pitch, and the spread would still be 66 
per cent. In both cases the percentage of the total periphery 
occupied by windings, which is the definition of the spread, is 
66 per cent., which is correct, as the windings are electrically 
identical. The number of slots per pole is in both cases eight, 
and were the whole of the periphery occupied by slots, there 
would be twelve slots per pole. The spread is then the ratio of 
the number of slots occupied by windings per pole to the number 
of slots per pole. In polyphase windings the spread of each phase 
is the number of slots per pole per phase divided by the number 
of slots per pole. 

The above will suffice to give a broad idea of the subject of 
single-phase windings in general. We have now established two 
sets of fundamental terms : (1) " Whole-coiled " and " half -coiled " ; 
(2) " single-coil " and " multi-coil." 

However, thus far we have only considered windings having 
spiral coilSy similar to the element shown in Fig. 208. 

There is another way of arranging the coil and still obtaining 
an open-circuit winding equivalent to any of the above. 

In this type of winding we designate the element a lap coil, 
and its nature and difference from the spiral coil will be apparent 
from Fig. 215, p. 171, which should be compared with Fig. 208. 

The lap coil lends itself better to coil form winding than the 
spiral coil, as in the former the pitch of the conductors is a con- 
stant; for instance, in Fig. 21^ the distance between any conductor 
in group A and the one to which it is connected in group B is the 
same as for any other pair, and thus at both back and front of the 
armature the end portions of the coils are identical in shape and 
size, and can be made all on one former. 

In the spiral coil (Fig. 208), however, this is not practicable, as 
the pitch is different for each conductor in the group. The spiral 
coil is used in connection with semi-closed or entirely closed slots, 
and the winding is generally done by hand. 

Fig. 216 shows the 6-pole winding of Fig. 214 carried out with 
lap coils. 

Fig. 217 is a photo of a similar winding, but for a much greater 
number of poles than six. The spread of this winding is 100 per 
cent., and each coil is distributed over twelve slots, which cover a 
whole pole pitch. This winding has twelve slots per nole^ and 
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Fig. 216.— SiDgle-phase Semi-distributed Whole-coiled Lap Winding. 
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is thus a twelve-slot winding. Adhering to the denomination 
described above, its title would be a twelve-slot, single phase, 
whole - coiled, sextuple coil, lap winding. This title wholly 
describes the winding with the exception of the number of 
conductors per slot, which should be stated separately. 

The bent shaping of the ends of the coils, to make them lie up 
together, will be noted. 

Polyphase Windings. 

As was stated at a previous point, any polyphase winding is 
derivable from a single-phase winding by superimposing on the 
armature a number of separate single-phase windings at regular 
and suitable intervals. Thus, if we take the elementary single- 
phase winding given in Fig. 197 (reproduced in Fig. 218) and 
superimpose another similar single-phase winding, but displaced 
from the original, as shown in Fig. 219, we obtain an elementary 
two-phase winding (or quarter-phase, as it is sometimes, and more 
correctly, called). 

We have in Fig. 219 distinguished the second phase by 
colouring it red, and also by suffixing the letter B after the 
number on each conductor, in distinction from A for the first 
phase. 

It will be noted that conductor 1a is situated midwJay between 
conductors 1 and 2 ; and as the distance between the conductors 
1 and 2 is equivalent to one pole pitch, it follows that the 
second phase is displaced from the first by one -half of the pole 
pitch. This displacement is one quarter of a double pole pitoh, 
which corresponds to a complete period in the E.M.F. wave; 
hence the more correct designation is "quarter-phase" rather 
than "two-phase." 

If we wish to obtain a three-phase winding, we must insert two 
extra phases within the double pole pitch. This has been done in 
Fig. 220, where we have now the three phases marked A, B, and C. 
The conductors 1b and Ic are evenly disposed between conductors 
1a and 3a of phase A, and each is displaced from the other by 
one-third of a double pole pitch. Thus the displacement of the 
phases is one-third of the period. 

The windings shown in Figs. 221, 222, and 223 are closely 
related to the windings of Figs. 218, 219, and 220, and they have 
been drawn immediately under them for the purpose of giving a 
clear view of the elementary polyphase windings. The difference 
between the upper and lower groups of windings is- thakwhile in 
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Figs. 218, 219, and 220 we have only one conductor situated under 
each pole, in Figs. 221, 222, and 223 we have a number of con- 
ductors in a concentrated group under each pole in place of each 
single conductor in the former case. 

Hence in Fig. 221 we have a set of three coils, each consisting 
of a number of turns, connected together and represented by a 
thick line, as in Fig. 211. 

Similarly, in Fig. 222 we have two sets of coils — the red and 
the black — each set of three connected together as in Fig. 221, and 
each constituting one of the two phases. Also in Fig. 223 we 
have three sets — black, red, and blue — each set constituting one 
of the three phases A, B, and C. 

We shall, as in the single-phase windings, mark the two 
terminals of each phase S and T ; but to distinguish between the 
phases, the letter of each phase is sufl&xed — thus S^ and T^ indi- 
cate the terminals of phase A, and so on. 

In Figs. 219-223 we have shown one separate pair of collector 
rings connected to the terminals of each phase. In practice it is 
very rare to provide two slip-rings for each phase, or in the case 
of stationary armatures, two lines leaving the machine terminals 
for each phase, as polyphase windings lend themselves, by virtue of 
the properties of polyphase currents, to convenient interconnection 
of the phases, so that some of the rings or terminals may be dis- 
pensed with. 

Three-phase armatures are almost invariably interconnected, so 
that instead of six terminals and six lines constituting three 
independent phases, there are only three. The two methods of 
connecting three-phase windings are the star grouping and the Triesh 
grouping. These names are suggested by the appearance of the 
diagrams illustrating them shown in Figs. 224, A and B. 

These two arrangements are also commonly known as Y 
connected and A (Delta) connected, which designations are more 
suggestive. 

In Figs. A and B, the coloured limbs represent each the 
windings of a phase with it^ terminals marked S and T, as in the 
case of the winding diagrams. 

For the Y grouping, the three similar terminals of the phases, 
for instance T^, Tj^, T^, are connected together, and the other three 

similar terminals, S^, S^, S^, constitute the machine terminals 

which are connected to the line. The junction of T^, T^, T^, is 

known as the mid-point or common junction of the system. jOOQlC 
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For the A grouping, the ends of the three phases are connected 
up into a closed circuit (or mesh) — the end of one (T^) to the 

beginning of the next (S^). The three junctions between the 

phases are connected to the machine terminals. 

If, when any winding is completed, the terminals of the phases 
are lettered S and T at their beginning and end, then to connect 
up for Y or A, one has only to remember the following : — 

Y Grouping, — Connect the beginnings (S) of the three phases 
to the three machine terminals ; and connect the ends (T) of the 
three phases together, forming the mid-point — i.e. 

Connect phase A between terminal I. and mid-point. 



B 
C 



II. 
III. 



TN^..*'^ 



S 
Fio. 224, A. 




Fig. 224, B. 



Y and A Three-phase Groupings. 



A Ghvuping. — Connect the beginnings (S) of the three phases to 
the machine terminals and also to the ends (T) of the preceding 
phases — i.e. 

Connect phase A between terminals I. and II. 
„ „ B „ „ II. „ III. 

» » ^ » j> 111. „ 1' 

The appropriateness of these connections will be seen from the 
following considerations relating to the diagrams in Fig. 225. 

One complete cycle is passed through by any armature con- 
ductor while passing from a certain point opposite one pole piece, 
say the middle of the north pole, to the corresponding point 
opposite the next pole piece of the same polarity. This angular 
distance is 360 electrical degrees, independent of the number of 
poles of the machine. Now, a three-phase armature winding is 
merely three single-phase windings laid on t^g^ifi^ji^jj^^^ture, the 
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conductors of the three windings, however, being located 120 degrees 
(one-third of a cycle) behind each other. Any conductor of one 
winding is, therefore, at any instant, in a different phase from that 
of the conductors of the other windings. Thus, in the position 




represented in Fig. D in Fig. 225 the conductors represented by 
black lines are directly opposite the middle of the pole pieces, the 
blue line conductors are located 120 degrees behind them, and the 
red conductors are 120 degrees behind the blue conductors and 
240 degrees behind the black conductors. 
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Now ifc follows, from the relative positions of the conductors of 
the three phases, that the electromotive forces generated in the 
three windings are 120 degrees behind each other; and if they are 
sine waves they may be represented, as in Fig. C, by three sine 
curves displaced 120 behind each other and coloured according to 
the phases. 

If the three circuits are equally loaded, these curves may also 
be considered to represent the corresponding instantaneous values 
of the current. 

It will be noted that at every instant the algebraic sum of the 
three currents is zero. 

For instance, at the time demarcated by the line ocy in Fig. C, 
which corresponds to the positions of the conductors in Fig. D, 
the current in the black conductors has its maximum value, and 
the current in each of the red and blue conductors has a value of 
just one-half of the maximum and in an opposite direction with 
regard to the black phase. Hence at this instant the current 
flowing out of the black conductors could be returned one-half 
through each of the red and blue conductors. This would be the 
case when the winding is Y-connected, as will be seen from Fig. D, 
where, at the instant, the current in the black phase is flowing 
away from the neutral point, while in the red and blue phases it 
is flowing to the neutral point. 

A safe and easily understood way of connecting the three 
windings correctly to the three collector rings, and the common 
connection is to consider that the winding whose conductors 
occupy the position in the middle of the pole piece is carrying the 
maximum current, and to indicate its direction on the winding 
diagram by an arrow. The currents at the same instant in the 
conductors immediately next to it on the right and left are in the 
same direction, and should be so marked by arrow-heads. Now, 
from the curves given in Fig. C above, it will be seen that where 
one curve has a maximum value the other two have a value .half as 
great, and in the opposite direction. Therefore, if we consider that 
the current in the winding occupying the position at the middle of 
the pole face is flowing away from the common connection, then 
the currents in the other two windings, which are each of half the 
magnitude of the former, must both be flowing into the common 
connection. We must therefore join those ends of the three 
windings to the common connection, which will bring about this 
condition at this instant. The other three ends of the winding 
are connected to the three lines. ^ 
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In Fig. D we have lettered the terminals S and T according to 
our convention, and have connected up the winding Y fashion by 
aid of the arrow-heads on the conductors. We have the three 
ends T^, Tg, T^, connected together at the neutral point, and the 
three beginnings S^, S^, S^ connected to the lines, which is quite 

in accordance with the rule given on p. 179. 

In connecting up the separate windings for a "delta" (A) 
connection, it is most convenient to examine the conditions at 
the instant when the conductors of one phase are opposite the 
middle of a pole piece. Then assume these cooductors to be 
carrying the maximum current, which is illustrated in Fig. E 
by the arrow-heads on the black conductors. The other two 
windings have in them at the same instant currents of only 
one-half this magnitude. The condition of affairs in line and in 
winding is, for the instant, as represented in the A diagram on the 
right hand of Fig. E, aud the currents in the windings are as 
indicated by the arrows in the winding on the left hand of Fig. E. 

It will be seen that the connections agree with those given in 
Fig. B, according to the rule on p. 179. 

Figs. D and E show two coils of each phase and four poles, but 
the conditions are exactly the same if the total number of coils 
are taken in, as for terminals S^, S^, S^, we have taken the 

beginnings of the first coil of each phase connected in, and for 
terminals T^, T^, T^ we have taken the ends of the last coils 

connected in. 

The group of coils in Figs. D and E corresponds to the winding 
of Fig. 223 and to all of the three-phase two-range windings 
given subsequently. 

It is safer, in connecting up any three-phase winding, to 
determine the connections from the directions of the induced 
currents. In some windings, which are strictly six-phase wind- 
ings, it is necessary to reverse one phase. 

Thus in the windiug of Fig. G (which is the same as Fig. 223), 
when Y-connected by consideration of the arrow-heads on the 
conductors, the red phase is reversed and S^ instead of Tg 
connected to the neutral point. 

The winding is really a six-phase winding, and the relative 
currents are as shown by the curves of Fig. F. To convert Fig. F 
into' the true three-phase arrangement of Fig. C the red curve 
must be reversed, which is effected by reversing the connections 
of the red phase. 
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The general distinction between the two cases is summarised 
by the following : — 

If the three conductors from which similar terminals are taken 
(as in S^, Sg, S^) lie evenly distributed within one pole pitch, one 

phase must be reversed. 

If these three conductors lie evenly in the region of a pair of 
poles, i,e. within a dovhle pole pitch, the phases are connected up in 
order, as in Fig. 224, B. 

This distinction is brought out also by Figs. J and K, which are 
respectively really three- and six-phase, both Y-connected. These 
windings correspond to the wave windings of Figs. 269 and 271. 

The Y connection is most commonly used for generators. This 
is because the pressure per phase in the Y grouping is only 

0*577 (= -^) of the terminal pressure; for instance, if the 

generator is required to give 10,000 volts at the terminals — e.g. 
between terminals I. and II., Fig. A — then each phase will only 
have to generate 5770 volts ; and this will be the pressure between 
each terminal and the mid-point, as, for instance, between S^ and 

T^. The advantage in this is that the neutral point may be 

grounded and the slot insulation need only be of such propor- 
tions as are allowed for 5770 volts, which is much less than for 
10,000 volts. 

In the A connection, if we had 10,000 volts at the terminals as 
between I. and 11. , the volts per phase will also be 10,000 as 
between S^ and T^, and the machine must be insulated accordingly. 

As most alternators are for very high voltages, this point 
becomes of importance ; but with low- voltage machines, as the 
ordinary induction motor, it is not serious. For other reasons 
also, relative to the size of the wires and their arrangement in 
the slots, which do not generally apply to generators, the A 
connection is sometimes preferable for induction motors. 

Two-phase windings are not so often interconnected, and the 
ordinary case of a two-phase winding with independent phases 
and four lines is shown, diagrammatically, in Fig. 226, A. 

The other common grouping for two-phase is a three-line 
grouping shown in Fig. 226, B. Here the ends of the two phases 
are connected together and to a common line, and the beginnings 
of the phases to the other two lines. This connection is sometimes 
known as two-phase with common return. 

AVe shall not deal with the connections of four-phase and six- 
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phase windings, as such are not in common use ; the latter, however, 
will be referred to in connection with rotary converter windings at 
a later part of this chapter. 

In connection with the winding diagrams already given, and 
given subsequently, it is desirable to point out that it is immaterial 
which of the several coils of each phase have their ends form the 
terminals of the phases so long as they are all connected up 
successively round the armature. For example, in Fig. 219 we 
started with conductor lA and connected up phase A successively, 
making conductors 1a and 6a the terminal connections. 

Similarly, for phase B we had conductors iB and 6b. It would 
have been quite in order if we had taken, say, 3b and 2b, or 5b 
and 4b, instead of 1b and 6b, or similarly for phase A. It does 
not matter from what points the terminals are brought out, so long 
as the coils of one phase are all <5onnected up in their proper order. 





Fig. 226, b. 



Two-phase Groupings. 



As, however, in the actual armature it is desirable to have the 
terminals all coming out at about the same spot on the armature 
(near the machine terminals), we shall adopt this plan in all our 
diagrams and bring out the terminals of the phases as near together 
as ppssible. 

It will have been noticed that the windings in Figs. 221, 222, 
and 223 are all of the half-coiled variety (see p. 170) — i.e. there is 
one coil for each phase under each pair of poles. Thus in Fig. 223 
the total number of coils is nine, and as there are three phases, 
there are 9/3 = 3 coils per phase. The number of poles is, however, 
six, which is double the number of coils per phase. 

Suppose, now, instead of connecting the whole of the conductors 
forming the group 1a (in Fig. 222) to the group 2a, we only 
connected half of them to half of the conductors in group 2a ; 
then it is quite permissible to connect half of lA in an opposite 
direction back to half of the group 6a in a similar fashion to 
'Fig. 212. By so treating each group, 1a, 2 A, 3a, etc., we obtain 
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the winding shown in Fig. 227, which is the two-phase winding 
corresponding to the single-phase winding of Fig. 212, as each 
phase is identical therewith. 

It will not be difficult to see that, by dealing with the three- 
phase winding of Fig. 223 in like manner, we obtain the winding 
of Fig. 228. 

In both Figs. 227 and 228 every pole is subtended by one coil 




Fig. 227.— Two-phase Whole-coiled Winding (one coil per phase per pole). 

of each phase, i.e. the number of coils per phase equals the number 
of poles, and these two windings are both whole-coiled windings. 

Keverting again to the half-coiled three-phase windings of 
Fig. 223, there is another way of grouping the coils of the several 
phases with respect to one another, the winding still remaining 
half coiled. This grouping is shown in Fig. 229, and it is strictly 
a six-phase grouping, as will be seen in Fig. 225, G and H. 

An inspection of Fig. 229 will show that the winding consists 
of three groups of coils — each group consisting of three coils, one 
of each phase. For instance, the first group comprises all the 
conductors from 1a to 2c (inclusive). The armature, when 
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wound, could be divided into three sections, each section contain-, 
ing one of these groups of coils, without interfering with the coils 
themselves. If three radial lines are drawn between conductors 
6a and 1a, 2c and 3a, 4c and 5a, the armature can be divided 
at the points marked by these lines, it being only necessary to 
break the connection between the coils. This is a good point to 
realise, especially with very large armatures, which, if wound 




Fig. 228. — Three-phase Whole-coiled Winding (one coil per phase per pole). 

in this way, can be built and transported in several sections, each 
fully wound. The style of winding has, however, several dis- 
advantages, a prominent one of which is that the crossings of the 
' end portions of the coils do not permit of a simple arrangement. 
The end view underneath Fig. 229 shows that one coil of each 
phase crosses both of the other phases. 

The coils would have to be laid up in three ranges at the ends 
of the armature in either of the ways shown in Fig. 230 — e, /, 
and g. We shall have more to say on the number of ranges for 
various windings, and also on the matter of dividing the arniature 
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.into sections just referred to, when we come to study the photo- 
graphs of various types of winding with their diagrams, later on in 
this chapter. 

In Fig. 22 J the coils are no longer collected in groups of three, 
as in Fig. 229, and owing to this feature the armature cannot be 
divided into sections without dismembering several of the coils. 

This winding is, however, capable of being laid up in two 
ranges in the manner shown in Figs. 2Z0c and 230^. 




Fig. 229. — Three-phase Half-coiled Winding (one coil per phase 
per pair of poles). 

Turning back for a moment to two-phase windings, it will be 
seen that the two-phase winding of Fig. 222 is similar to the three- 
phase winding of Fig. 229 in that the armature can be divided into 
sections without disturbing the coils. 

As, however, there are only two coils in each group, there 
being only two phases, the ends can be laid up in two ranges. 
This is also the case with Fig. 227, but neither this winding nor 
Fig. 228 allows of the armature being divided into sections. 

The above windings are the fundamental polyphase coil 
windings, and of them Fig. 227 is the most common for two-phase. 
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and Fig. 223 the most common for three-phase. So far as 
divisibility of the armature and number of ranges in the winding 
is concerned, the following table is of interest as setting forth the 
properties of these fundamental windings : — 

Table XII. 

PROPERTIES OF POLYPHASE WINDINGS. 



ERRATUM NOTE at p. 188. 

In fig. 223, Plate XIT., tlic coils of the red phase should be displaced 
through an angle of 60° or by one pole pitch, so that the outer periphery o£ 
the diagram will appear exactly as in fig. 220. 

The winding of fig. 223 is intended to be identical with fig. 239, gr, li, and k 
(also figs. 244, 247, and 250) ; while fig. 229 is identical with fig. 239, G, H, 
and K. 

All references in the text to fig. 223 apply to fig. 223 as corrected in this 
manner. 



windings can be laid up in two ranges ; and, in fact, this is possible 
with all two-phase coil windings. 

While on this matter of ranges, we shall formulate a few 
general statements ; but first a reference to Fig. 230 is desirable. 

The sketches in Fig. 230 indicate a section through the arma- 
ture core and the ends of the coils for various coil windings. 
a and b show single-range windings. 

An inspection of any of the single-phase winding diagrams 
already given will show that all single-phase windings are laid up 
in one range, c and d show two-range windings. As has been 
seen, both two-phase and some three-phase windings can be laid 
up in this way. e, /, and g show three varieties of three-range 
windings with the coils laid back to a greater or less extent. 

(1) For stationary alternator armatures, any of these varieties 
can be employed. It is generally preferable to keep the coils well 
back against the armature frame, and thus 6, d, and e would be 



more common. ^ ^ ^ ^ 
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Type g should only be used when the armature is built in 
two or more sections, as, if it is in one piece, the rotating field 
cannot be withdrawn owing to its fouling the lowest range of 
coils. 

(2) For rotating armatures, any one except g is permissible; 
but here also it is desirable to keep the coils well back, and to 
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Three-range, 
Fig. 230. — Section through Ends of Armature Coils. 

strap them on to the core end plates for security. Thus 6, d, e, 
and /will be preferable. 

(3) For induction motors, the windings of the stator and rotor 
should come as near together as practicable to render the magnetic 
leakage a minimum. Thus a, c, and / will be preferable ; and g 
may also be used for large motors, provided the rotor end windings 
(whether coils or squirrel cage) do not come in the way of the 
lowest range. 

In either a, c,/, or g there is the danger, should anything on 
the rotor become loose and fly out. or anything get between the 
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rotating and stator end windings, of the insulation on the lowest 
range becoming damaged, which may make it necessary to rewind 
that range. 

We are now able to make the following general statements, the 
pertinence of which it will not be difficult to see from consideration 
of the above points. 

Properties of Spiral Coil Windings, 

1. All single-phase windings can be laid up in one range, 
irrespective of whether they are whole-coiled or half-coiled. 

2. All two-phase windings can be laid up in two ranges, irre- 
spective of whether there is one coil per phase per pole or per pair 
of poles, ie. whether whole-coiled or half -coiled. 

3. Three-phase windings can be laid up in either two or three 
ranges, according to the following conditions : — 

(a) Three-phase two-range windings must have one coil per 

pair of poles, i.e. must be half-coiled. 

(b) Three-phase whole-coiled windings (having one coil per 

phase per pole), must be three-range. 

4. Any winding having a total number of coils which is 
even, can be laid up in two ranges irrespective of the number of 
phases. 

5. Any winding having a total number of coils which is odd, 
may be laid up in two ranges if one of the coils is bent so that it 
is half in one range and half in the other (see fig. 231). 

6. Divisibility of armature. If the armature is to be divisible 
into sections without disturbing the coils, the winding must have 
one coil per phase ^&c pair of poles {i.e. must be half -coiled). 

Of the above, ISo. 5, perhaps, needs further comment. 
Suppose we have a three-phase 12-pole half -coiled winding. There 
is one coil per phase per pair of poles. 

12 
No. of pairs of poles = — = 6. 

No. of coils per phase = g. 
No. of phases = 3. 

Total number of coils =3x6 = 18. 

Now if we lay this winding up in two ranges, we shall have 

1 8 

-^ = 9 coils in each range, which is quite practicable. If instead 

of twelve poles we have only six, then with one coil per phase 
per pair of poles we should have only three coj^.^jg^y^^f^gtole 
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and for three phases, 3x3 = 9 coils in all. If we wish this to be 

9 
a two-range winding, we should have n=4i coils in each range, or 

four coils in one range and four coils in the other, with the extra 
coil half in each range. 

8 




Fig. 231.— Three-phase Six-pole Half-coiled Winding (nine coils in two ranges). 

This latter winding has already been shown in Fig. 223, where 
there are six poles, three phases, and nine coils. 

Laid out as a two-range winding with a bent coil, the appear- 
ance of the ends of the armature coils is shown in Fig. 231, where 
we have coils 1, 3, 5, 8 in one range, coils 2, 4, 6, 9 in the other 
range, and coil 7, the bent one, half of which is really in each range. 

A considerable advantage of the two-range over the three-range 
winding is that the former only requires two hinds of coil, whereas 
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the latter requires three kinds. This is important if. the coils are 
form-wound, as only two forms will be necessary for the two- 
range, against three for the three-range. It is, however, true 
that a two-range winding with a bent coil will require three forms, 
one for each range, and one for the bent coil, so that such a 
winding possesses no advantage over a three-range winding so far 
as the number of forms is concerned. If the windings are carried 
out by hand, the bent coil can be quite easily carried out by aid of 
a suitable winding-block (see p. 310, Chap. XII). The two-range 




Fig. 232. —Four-pole, Two-phase, Short-coil Winding. 

winding has also the advantage that the ends of the coils do not 
project out so far from the core as in a three-range. 

Exception is taken to the above by two classes of winding 
which should be mentioned here. These may be designated 
respectively: — 1. Short-coil windings; 2. Skew-coil windings. 



Short-coil Windings. 

Figs. 232 and 233 show diagrams for two-phase and three- 
phase short-coil windings. In these windings the coils of the 
various phases do not overlap, nor their end portions cross one 
another; but the coils are all of the same size and shape laidjjli. 
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the armature side by side. Thus in Fig. 232 we have two coils, 
one for each phase, within the pole pitch — not overlapping, as in 
Fig. 227, but placed side by side. Comparing with Fig. 227, the 
coik are much narrower, and hence their designation "short 
coils." Also, in Fig. 233, we have three coils within a double pole 
pitch. If for the moment we ignore the poles in Fig. 232, and 
imagine all the coils coloured black and connected in series, then 
we have a single-phase armature, and the number of poles will 
necessarily be twice what it was originally. 



uu 




Fio. 233.— Six-polp, Three-phase, Short-coil Winding. 



It follows that any single-phase coil-wound armature may be 
connected up as a two-phase short-coil winding if the total number 
of coils is a multiple of 2, and as a three-phase short-coil winding 
if the total number of coils is a multiple of 3. The number of 
poles as two-phase is one-half the number of poles as single-phase, 
and, as three-phase, one-third the number as single-phase. Con- 
versely, any polyphase short-coil winding may be connected for 
single phase provided there is an even number of coils. The 
number of poles as single phase will be equal to the number of coils. 

In the short-coil windings the mean length of the turn of a 
coil is reduced, and, consequently, the total length of conductor per 
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phase. The disadvantage, and the reason why they are used very 
infrequently, is that the pole arc must be reduced until it is only 
about as wide as a coil, which entails a reduction in the pole area, 
and the periphery of the armature is not so well utilised. 

Skew-coil Windings. 

Fig. 234 will illustrate what is meant by a skew-coil wind- 
ing. Here the coils are all of the same shape, and the winding is 
equivalent to an ordinary long-coil, or overlapping, winding. 

The winding diagram for Fig. 234 will be the same as that shown 
above in Fig. 223. Whereas in the latter winding the overlapping 





Fig. 234.— Skew-coil Winding. 



of the ends of the coils is provided against by laying them up in 
ranges, in the skew-coil winding the ends of the coils are skewed so 
that they all lie up in order beside one another. The skew coil is 
probably not so easy to wind as an ordinary symmetrical coil, and 
the insertion of the last coil on the armature after winding is not 
an easy job. This type of winding is not used to to any great 
extent. 

A point of considerable importance in all these winding schemes 
is the pressure between the adjacent coils. If one inspects Figs. 
227 and 228 and considers phase A (black), it is evident that the 
maximum voltage exists between the points S^ and T^, which is 

the machine terminal voltage. The pressure between the sides of 
the first and last coils is practically as great as the full termiiml 
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voltage. This pressure thus exists between groups of conductors 
lying very near together and in adjacent slots.. and at this point 
the armature is most liable to insulation breakdown. 

Turning now to the corresponding half-coiled windings of Figs. 
219 and 220, the full pressure exists between the groups of con- 
ductors lA and 6a ; but in this case these groups are distant from 
each other by a space equal to the pole pitch, and, consequently, 
the risk of breakdown is not nearly so great. 




Fig. 235. —Parallel-connected Winding. 

This is a point decidedly in favour of the half-coiled style of 
winding, and this point, together with the others enumerated, adds 
to its wide utility for three-phase windings. 

The diflBculty with the ordinary winding of the full pressure 
existing between adjacent coils can be obviated by connecting two 
halves of the winding in parallel, as indicated in Fig. 235. The 
right-hand half of this winding, consisting of three coils, has 
terminals S^ and T^ ; and the left-hand half, Sg and Tg. 

Connecting S^ to Sg and T^ to Tg puts the two halves in 
parallel, and the full pressure occurs between the points S and T, 
which are very remote from one another — beigLg^ii^|aqtj^^^trically 
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opposite. Any of the phases, if the winding is polyphase, could be 
treated in a similar way. 

In connection with this subject we give a number of photo- 
graphs of various windings, most of which types have occurred in 
the foregoing study of polyphase windings. We have drawn out 
the winding diagram corresponding to each of these photos, and a 
study of the two together is very instructive. 




fA) S/i/ra/CoJ/ 




(J^) Zd/iCm/. 



(Xf) Retrogressive lYdve. 

mm 



(C.) hkys '" ^^^ SkorCCo^/ 

Fio. 236.— Alternating-current Winding Classification. Types of Coils. 




In Figs. 236 to 239 our system of alternating-current wind- 
ing classification and nomenclature, as employed in the preceding 
descriptions and explanations, i^ diagrammatical ly tabulated.^ 
The terms employed may be re-stated as follows: — 

By a ** coil '* we designate the group of turns subtending one 
pole belonging to one phase irrespective of the number of turns in 
the coiL 

Fig. 236, A, B, E, and F, show diagrammatic representations of 
the four types of coil to which reference has already been made. 
These are respectively — 

(A) Spiral coil. (B) Lap coil. 

(E) Skew coil. (F) Short coil. 

^ A chart showing the derivation of all these types of windings is given in 
Plate XIV. 
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The other two types, C and D, shown in Fig. 236, are respectively 
elements of a wave winding C and a retrogressive wave winding 
D. The development of these two types of winding from the 
elementary fundamental windings is considered in further detail 
on pp. 229 and 232. The "coil" may have its conductors con- 
centrated in a single slot on each side, or it may have them 
distributed at each side in two, three, four or more slots. 

If the conductors on one side of the coil lie in only one slot 
we designate the coil a " single coil." If they are spread over 
two slots the coil is a " double coil " ; if over three slots, a " triple 
coil," and so on. 

In the top row of windings, i.e. those marked a and g in Figs. 
237, 238, and 239, the coils are " single coil," as marked at the 
left-hand side of the row. 

In the second row, i, e. those marked 6, e, A, and ?7i, in Figs. 

237, 238, and 239, the coils are " double coil " ; that is, each coil 
consists of two parts in separate slots. 

In the third row, i.e. c, /, ky and n, they are " triple coil " ; 
that is, in three parts, the conductors on each side of the coil 
being distributed in three slots. 

In Fig. 237, which relates only to single-phase windings, we 
have shown the outline of the slots, but in Figs. 238 and 239, 
where there are twice and three times the number of slots in 
the corresponding diagrams of Fig. 237 (as Figs. 238 and 239 are 
for two and three phases respectively), the coils have been dis- 
tinguished by different varieties of lines ; thus, full dotted and 
chain lines for the different phases. 

Having now explained the terms " single-coil," " double-coil,*' 
and so on, we will explain the other sub-divisions in Figs. 237, 

238, and 239. 

Fig. 237 is headed " single-phase, " and is devoted exclusively 
to single-phase windings. Under this heading there are two 
sub-headings, viz. " whole-coiled " and " half-coiled." (as there are 
also in Figs. 238 and 239). 

The distinction which has already been explained between these 
two headings will be seen by an inspection of any of the windings 
coming under them. 

By " whole-coiled " we denote that the whole system of poles is 
subtended by coils, i.e. each pole has a coil opposite it on the 
armature, which is the case in all the windings in Fig. 237, a, 6, c, e, 
and/. 

In the " half-coiled " windings, however, only one half of the 
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total number of poles are subtended by coils, ix, every other pole 
has a coil opposite it on the armature, every alternate pole having 
no coil opposite to it. 

This is so in all the windings in Fig. 237, ^, h, ky m, and n, where 
it will be seen that the portion of the armature opposite alternate 
poles is not occupied by coils. 

Similarly, in the two phase windings of Fig. 238, the whole- 
coiled windings of Figs, a, 6, c, e, and /have two coils for each pole, 
i, e, one coil per phase per pole, and the half -coiled windings Figs. 
^> 9i ^y ^, ^^ a^id n have two coils subtending every alternate pole, 
i,e, one coil per phase per pair of poles. 

Also in the three phase windings of Fig. 239, the whole-coiled 
windings. Figs, a, 6, c, e, and /, have three coils for each pole, ie. 
one coil per phase per pole, and the half-coiled windings, Figs. 
g, A, k, m, and w, have three coils subtending every alternate pole, 
i, e, one coil per phase per pair of poles. 

Thus, as explained, the distinction between the " whole-coiled " 
and " half -coiled " varieties is that the " whole-coiled " has one coil 
per phase per pole, while tKe " half-coiled " has one coil per phase 
per pair of poles. 

It may be noted that for a given number of poles and phases 
the half-coiled winding has one-half the total number of coils that 
the whole-coiled winding would have. 

By way of illustrating the nomenclature, the winding in Fig. 
238, A, would be designated a '* two-phase, half-coiled, double-coil, 
spiral winding"; or that in Fig. 239,/, a "three-phase, whole- 
coiled, triple-coil, lap winding.'* 

We have already on pp. 191 and 192 summarised the properties 
of spiral coil windings with regard to the number of ranges in 
which the winding may be laid up. We are now in a position to 
make out from Fig. 239 a table showing the number of ranges 
possible with each of the windings (lap coil windings are 
exempted, as, by reason of the two arms of the V end 
connectors being formed in two separate planes, they lie up 
together in order). 

Table XIII. shows the number of ranges for all the spiral coil 
windings in Fig. 239, from which the following conclusions may 
be drawn : — 

(a) All the whole-coiled three-phase windings, Figs, a, 6, and c, 
must be three-range. 

(6) The half-coiled windings may be three-range. Figs. G, H, and 
K, or two-range, Figs, g, A, and k, the possibility of three or two- 
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ranges depending on the grouping of the coils, which will be seen 
on comparing Figs. ^, A, and k with G, H, and K respectively. 

Table XIII. 

NUMBER OF RANGES FOR THREE-PHASE SPIRAL COIL WINDINGS 
IN FIG. 239. 





1 
Three-phase Spiral Coil Windings. 




Whole-coiled.: Half-coikd 

i 


Single coil . 
Double coil 
Triple coil . 


1 

1 



The windings in Figs. G, H, and K are, strictly speaking, 
grouped as six-phase windings (and in connecting them up Y or 
A one phase must be reversed, as noted on p. 183), while Figs, g, 
A, and k are true three-phase windings. 

Figs. 237, 238, and 239 show that the number of slots per pole 
per phase is determined simply by (1) whether the winding is 
single, double, or triple coil, and (2) whether it is whole-coiled or 
half-coiled. 

Examination of the numbers of slots in the various windings 
enables us to draw up Table XIV., which shows the number of slots 
per pole per phase for single and polyphase windings. For instance, 
a triple-coil whole-coiled winding (Figs, c and / in Figs. 237, 238, 
and 239) has six slots per pole per phase, but a triple coil half-coiled 
winding (Figs, k and n) has only three slots per pole per phase. 

In single-phase windings the total number of slots per pole 
is simply the number of slots per pole per phase, and thus in 
Table XV. the number of slots per pole for single-phase windings 
is copied from Table XIV. With two-phase windings the total 
number of slots per pole is twice the number of slots per pole 
per phase, and with three-phase windings three times. Thus we 
are able to fill up the number of slots per pole in Table XV. for 
two and three phase by multiplying the corresponding single 
phase values by 2 and 3 respectively. 
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Table XIV. 

SLOTS PER POLE PER PHASE FOR THE WINDINGS IN FIGS. 237, 

238, AND 239. 



Single coil . 
Double coil 
Triple coil . 
Quadruple coil 



Slots per Pole per Phase. 





Whole-coiled. 


Half -coiled. 


, 


2 


1 




4 


2 


6 


3 


8 


4 



Table XV. 

SLOTS PER POLE FOR THE WINDINGS IN FIGS. 237, 238, AND 239. 









Slots per Pole. 






One-p 


hase. 


Two-phase. 


Three-] 


phase. 

Half 
coiled. 

3 


Whole- 
coiled. 

2 


Half- 
coiled. 

1 


Whole- 
coiled. 


Half- 
coiled. 

2 


Whole- 
coiled. 


Single coil 


4 


6 


Double coil 


4 


2 


8 


4 


12 


6 


Triple coil 


6 


3 


12 


6 


18 


9 


Quadruple coil . 


8 


4 


16 


8 


24 


12 



As an example of the use of these tables let us consider a three- 
phase, half-coiled, triple coil spiral winding in two ranges. 

Fig. 239 shows us that the half-coiled triple coil winding may 
be either of Figs. 239 k or 239 K. Table XIII. shows that of these 
two, h is two-range, whereas K is three-range. Hence Fig. 239 k is 
the winding described by the above title. From Table XIV. we 
ascertain that this winding has three slots per pole per phase, i.e. it 
is a three-slot winding. By multiplying by the number of phases 
3, or by reference to Table XV., we have the number of slots per 
pole = 9. 

In describing a winding by means of this nomenclature it may 
be useful to prefix or suffix the title by the number of slots per pole 
per phase ; thus one-slot (or uni-slot), two-slot, five-slot, etc., but 
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this term should not be confused with the terms single coil, double 
coil, etc. 

It will be seen that there are three factors employed in deter- 
mining a winding, viz: (1) Whether it is whole-coiled or half- 
coiled ; (2) the multiplicity of the coil — whether single or multi- 
coil ; (3) the number of slots per pole per phase — whether uni- 
slot or poly-slot. 

It will also be appreciated from the relations set forth in Table 
XIV. that any two of the factors determine the other remaining one. 
Consequently it would be quite sufficient in describing a winding 
to state only two, which is the case in Figs. 237, 238, and 239. 
In these figures the two factors set forth are Nos. 1 and 2, but 
these figures could have been just as well prepared from the basis 
of factors 1 and 3, i.e, whether whole-coiled or half-coiled, and the 
number of slots per pole per phase. 

As the system in this chapter has been evolved from the two 
factors 1 and 2 we shall adhere to this designation in studying 
the windings which now follow, but we shall also add to the title 
of each winding the factor 3, the number of slots per pole per 
phase, uni-slot, two-slot, etc. 

It may be noted that the latter figure is the one which the 
designer employs for the winding in any particular case, and it is 
also more convenient in the case of wave windings (see p. 229). 

APPLICATION OF NOMENCLATURE SCHEME. 

Two-range Windings, 

We now give a number, of photographs of various different 
windings which we shall study by means of their diagrams, and 
the application of the above system of nomenclature to them. 

Fig. 240 shows a photograph of a stationary armature having 
sevenby-two slots wound with twelve coils. This winding is a 
two-range winding, there being thus six coils in each range. 
Fig. 240 shows clearly one range laid back against the frame, and 
the other standing in front of it. Each coil is distributed over 
three slots at each side. If there were only one conductor in each 
slot, then the winding diagram of Fig. 241 would be a true repre- 
sentation of the actual winding. 

The winding would actually consist of several conductors per 
slot, as will be seen from the thin connectors between the coils ; 
but if each radial line in Fig. 241 is regarded as a group of 
conductors, the same in number as there are conductors per slot, 
the diagram of Fig. 241 will represent the winding. 
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An individual coil would appear as shown in Fig. 242 ; but it 
is too tedious to draw out all the coils in this manner, so long as 
the number of conductors per slot is stated and borne in mind. 

In Fig. 241 we have drawn six coils with full lines and six 
with dotted lines. The six full-line, coils represent the front 
range, and the dotted coils the back range. This plan is useful to 
distinguish between the ranges in the case of two-range windings, 
and does not confuse with the distinction between the phases 
where dififerent colours are used for each phase. 

In Fig. 241 we have not connected up the coils to one another, 
as this particular winding possesses the property that it may be 
connected as either a two-phase or a three-phase winding. We 
shall demonstrate this by connecting it up in both ways. 

Two-phase. — For a two-phase winding, as there are twelve coils, 
there must be six coils per phase ; and one phase will take in the 
six coils in one range, and the second phase the six coils in the 
other range. Thus phase A must consist of the coils numbered 
I, III, V, VII, IX, and XI ; phase B of coils II, IV, VI, VIII, X, 
and XII. Now, since the neighbouring coils of one phase lie close 
together — for instance, see the group of conductors 10, 11, and 12, 
and the group 13, 14, and 15 — with no space between them, we 
must arrange f 6r one coil per phase per pole. Thus we shall have 
six poles, one subtending each coil of one phase; and in 
connecting up the coils we must arrange for the direction 
of current circulation in adjacent coils to be opposite (see 
Figs. 203 and 204). 

Hence we connect the end of coil I to the end of coil III, the 
beginning of III to the beginning of V, and so on, reversing each 
coil on its predecessor and making it of opposite polarity. 

Had we connected up the coils all in the same sense, we should 
have required twelve poles; but this would be impracticable, 
as there is no room between the adjacent coils (as, for instance, 
between coils I and III) for the other six consequent poles. 

Connecting up the other phase in a similar way gives us a 
six-pole two-phase winding, with terminals S^ T^, S^ T^, as in 

fig. 243. 

72 
The number of slots per pole is — =12, or six per pole per 



phase. As this winding has one coil per phase per pole, a single 
coil should cover six slots on both sides, i.e, three on each side 
(see p 174) ; this, it will be seen, is the case in the winding 
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Fig. 240.— Wound Stator with Spii-al Coils. Twelve Coils in two Ranges. 
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Slots 1 to 12 lie within a pole pitch ; and coil I covers slots 1, 

2, and 3 on one side, and slots 10, 11, and 12 on the other — six 

slots in all. 

12 
The spread of the winding is -^ = 50 %. 

The designation of this winding is a six-pole, two-phase, whole- 
coiled, triple-coil, six-slot spiral winding. 

12 
Three-phase. — For a three-phase winding there will be -^=4 

coils per phase. Phase A will consist of coils I, IV, VII, and X ; 
phase B of coils II, V, VIII, and XI ; phase C of coils III, VI, IX, 
and XII. 

Now consider, for purposes of connecting up, phase A alone. 
Neighbouring coils, as coils I and IV, do not lie close together 
(as was the case in the two-phase winding), but they are distant, 




Fig. '242.— Niue-turn Triple Coil. 

as between conductors 12 and 19, an amount about equal to 
the width of one coil. If we place one pole opposite coil I and 
another opposite coil IV, the space between these coils can be 
occupied by another pole; and carrying this out around the 
armature, we obtain eight poles in all. Thus there are eight 
poles and four coils per phase, which gives one coil per phase 
fer pole pair ; and herein this winding differs from the same 
connected as a two-phase, where there are six poles and one coil 
per phase per pole, 

A reference back to Fig. 201 will be useful at this point. 
Here we started out with six poles, and evolved a half-coiled 
winding which had three coils per phase or one coil per phase per 
pole pair. In this diagram it will be seen that the neighbouring 
coils of one phase are displaced from one another by an amount 
equal to the pole-pitch, the same as occurs in Fig. 244. In 
Fig. 244 we have coloured the three phases A, B, and C, black, 
red, and blue (still retaining the dotted coils to distinguish 
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the front and back ranges irrespective of their colour), and have 
also added the eight poles. Since the four coils of one phase 
are situated under poles all of which are of the same polarity (as 
coils I, IV, VII, and X), the direction of current circulation will 
be the same in all of them. Hence we must connect up the four 
coils in the same direction : — 

The end of coil I to the beginning of coil IV 
IV „ .. VII 

VII „ „ X, 

leaving the beginning of I and the end of X for terminals 
S^ and T^. Similarly, connecting up the other two phases, B and 

C, gives the completed diagram of Fig. 244. This winding is now 

an 8-pole, three-phase, half-coiled, triple-coil, three-slot spiral 

72 
winding in two ranges. The number of slots per pole is -^ = 9, or 

3 per pole per phase, which will also be seen from Tables 
XIV. and XV. This winding having otie coil per phase per 
pole pair, a single coil should cover three slots on one side 
(see p. 174). 

This will be seen from the diagram in Fig. 244. Slots 1 to 9 lie 
within a pole pitch, and of these slots 1, 2, and 3 are covered by 
one side of coil No. I of phase A. 

The spread of the winding is thus 9/3 = 33 per cent. 

One interesting point is brought out by retaining the dotted- 
line coils to represent the back range in Fig. 244. It will be seen 
that each phase consists of two full-line coils and two dotted-line 
coils — two in the front range and two in the back. The three 
phases are exactly similar, and should the length of the mean 
turn of the front range coil differ from that of the back range 
coil, the phases will still all have the same total length of conductor 
in them, and be consequently of the same resistance and quite 
balanced. 

The following are a few points which may be noted in con- 
nection with this winding : — 

1. Any three-phase two-range winding having an even number 
of coils per phase will have half of that number situated in one 
range and half in the other range, and the three phases will 
be exactly similar. 

The following table shows a comparison between the two- 
phase and three-phase arrangements of the two-range twelve-coil 
winding shown in Figs. 243 and 244. ^.^^^^^^ b^f OOglc 
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Table XVL 

propkbties op winding in fig. 241 connbctbd as two- and 
thkbb-phasb. 



Fig. Number 



No. of ranges 
„ coils . 
„ coils per range 



No. of phases 

„ coils per phase . 

„ poles .... 

„ poles per coil per phase 

„ slots per pole per phase 
Spread of coil — No. of slots . 
No. of slots per pole 
Spread of coil — per cent. 
Style of winding . 



243 



2 

12 

6 



2 

6 

6 

1 

. 6 

6 

12 

50% 

whole-coiled 



244 



2 

12 

6 



3 

4 
8 
2 
3 
3 
9 
33% 
half -coiled 



This matter of the applicability of a single winding to both 
two -phase and three-phase is of considerable interest, as it 
determines the number of slots permissible for armatures to be 
used for both two- and three-phase with two-range windings. 

2. The condition for any two-range winding to be either two 
or three-phase is simply that the total number of coils must be a 
multiple of 6 (2 X 3). 

From this follow directly the numbers of slots which may 
be used with such armatures. A single coil cannot occupy less 
than two slots, one on each side ; and as the minimum number of 
coils must be six, the minimum number of slots is 6 x 2 = 12. 

3. Any permissible number of slots must be a multiple of 12 — 
thus 12, 24, 36, 48, 60, and 72, etc., are the possible numbers of 
slots to be used for armatures capable of being wound with both 
two and three-phase two-range windings. 

In such a winding the number of poles equals the number of 
coils per phase when connected for two-phase, and twice the 
number of coils per phase when connected for three-phase; the 
latter winding is half-coiled and the former is not. (See also 
p. 191 as to the conditions under which a three-phase winding 
can be laid up in two ranges.) ^ 
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Fig. 245 illustrates a wound stator for an induction motor, 
the winding of which has twelve coils laid up in two ranges, exactly 
similar to Fig. 240. As is the case with the winding of Fig. 240, 
the winding of Fig. 245 can be arranged as a two-phase six-pole 
winding or a three-phase eight-pole winding ; the properties of each 
of these windings being exactly the same as is set forth in 
Table XVI. 

It will be seen from Fig. 245 that one coil is spread over 
five slots on one side, ie, it is a quintuple coil, whereas in Fig. 240 
this spread was three slots, i.e, a triple coil. Also, there are three 
conductors in each slot, and thus the number of turns in each coil 
is 5 X 3 = 15. As has been stated above, it is too tedious to draw 
out a winding diagram showing each individual conductor, and 
such a diagram would be unnecessarily complicated. It is suflR- 
cient to adhere to the rule of regarding each single radial line in 
the winding diagram as representing the contents of a single slot 
— in this case, three conductors. 

The winding diagram would be exactly the same as Figs. 243 
or 244, according as it is two-phase or three-phase, except that the 
coils shown in these figures should be replaced by coils similar to 
that of Fig. 246. The actual coil of fifteen turns would be as 
shown in Fig. 246. 

For ordinary purposes in the winding shop it is not necessary 
to provide the winder with a complete diagram of the whole 
winding ; but so long as he has a diagram of the coil element and 
also a diagram showing the connections between the coils, these 
are sufficient to carry out the winding form. Thus Fig. 246 
defines the coil element, and, working to this, the first coil would 
be wound from slots 1 to 20, 2 to 19, 3 to 18, 4 to 17, 5 to 16, 
covering five slots on each side. Slots 6 to 10 and 11 to 15 are left 
for the front range of coils. So long as the first coil is wound 
correctly, with the required number of conductors in each slot, 
the remaining coils cannot help but come in their correct positions 
when they are wound progressively round the armature. 

For connecting up the coils, a diagram in which each of them 
is shown as a single thick line is sufficient, and this also serves to 
make certain the location of each coil. Such a diagram as that 
given in fig. 247 would be sufficient, and in this diagram each 
radial line would actually represent fifteen conductors distributed 
over five slots, that is, one side of a quintuple coil. 

We have adhered to our convention of representing the back 
range by dotted lines and the front range by full lines,^and.we.p 
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have connected up the winding as a three-phase eight-pole winding 
with terminals S^ T^, S^ Tg, S^ T^. The winding is also con- 
nected up star fashion ; thus T^, T^, T^ are connected together 
(see p. 180), leaving S^, Sg, S^ for the line. 

The title for this winding is an eight- pole, three-phase, half- 
coiled, quintuple coil, five-slot spiral winding in two-ranges and Y 
connected. 

Before, leaving two-range coil windings, reference will now be 




Fig. 245.— Eight-pole, Three-phase, Half-coiled, Quintuple Coil, Five-slot 
Spiral Winding in two ranges. 



made to another type of diagram which will be introduced in 
conjunction with the photographs of portions of windings shown 
in Figs. 248 and 249. 

These windings are precisely similar except for the number of 
conductors per slot. They are both two-range windings, and in 
each case the coil covers two slots on one side. 

The title for these windings is a three-phase, half -coiled, double- 
coil, two-slot spiral winding in two-ranges. The winding diagram 
is shown in Fig. 250 for three-phase. This diagram differs from 
all those already given, in several respects. 
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Fig. 246.— Fifteen-turn Quintuple Coil. 




Fig. 247.— Diagram of Connections for Eight-pole, Three-phasej 
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The two ranges are distinguished by drawing their respec- 
tive coils broad and narrow, as shown. The winding is repre- 




Fio. 248. — Dick, Kerr k Co. Alternator. Three-phase, Half-coiled, Double-coil, 
Two-slot Spiral Winding in two ranges. 




^iTniarmi 



Fig. 249. — Allmanna Svenska Elektriska Aktiebolaget. Three-phase, Half-coiled, 
Double-coil, Two-slot Spiral Winding in two ranges. 

sented in a developed form which is equivalent to rolling the 
surface of the armature out on the paper. This type of diagram 
is more useful for very large armatures which have a Tgreat 
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number of coils,, as in Figs. 248 and 249. In connecting up a 
winding from the diagram in Fig. 250, the coils would be pro- 
gressively connected u^) around the armature in the way shown 
in the diagram, and tne terminals obtained after having connected 
up all round. 

Fig. 248 shows the lower half of a large armature which is 
divided horizontally. It will be seen that the coils near the 
joints in the armature are removed, as the winding does not 
permit of the armature being divided without disturbing these 
coils, as will be seen from the table on p. 189. 




Fif*. 251. — Wound Rotor. Four-pole, Three-phase, Half-coiled, Quadruple-coil, 
Four-slot Spiral Winding in two ranges, Y-connected. 



As this armature has open slots the coils may be form wound, 
and those occurring at the division can be slipped into place after 
the two halves of the machine are assembled on site. If the slots 
are so nearly closed that form-wound coils cannot be employed, 
it is necessary for the coils at the joints of the armature to be 
wound on site by hand, which is undesirable. 

Fig. 251 illustrates a three-phase four-pole wound rotor for an 
induction motor. The winding has six coils laid up in two ranges. 
There are 48 slots, and thus 16 slots per phase. The number 

1 R 

of slots per pole per phase is ^ = 4. This numberwill be seen 
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to be the spread of a coil on one side, wb^ch is correct, as this 
winding has one coil per phase per pole pair. 

The diagram for this winding is given .n Fig. 252, where it is 
shown star connected. The designation is four-pole, three-phase, 
half -coiled, quadruple-coil, four -slot spiral winding, in two 
ranges, Y-connected. 
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Fio. 252. — Four-pole, Three-pbase, Half-coiled, Quadruple-coil, Four-slot 
Spiral Winding in two ranges, Y-connected. 



THREE-RANGE WINDINGS. 

We now proceed to give photographs of a few typical three- 
range windings and the corresponding winding diagrams. 

As these relate to large armatures with many coils, we shall 
employ the developed type of winding diagram in connection with 
them similar to that in Fig. 250. 

In the case of two-range windings we were able to distinguish 
between the ranges by full and dotted lines, and for^. thr^^ ^; 
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we should need three varieties of lines, which becomes complicated. 
It is better to distinguish the ranges on the developed diagram by 
drawing one range with broad coils, the second with coils of 
medium breadth, and the third with narrow coils. A diagram on 
these lines is shown in Fig. 254, which is the diagram for the 
winding of which a photograph is given in Fig. 253. 

This winding is of the type g shown in Fig. 230, having one 
range bent back away from the air-gap, the second range pro- 




FiG. 268. —Three-phase, Half-coiled, Double-coil, Two-slot Spiml Winding 
in three ranges (six-phase grouping). 

jecting out straight, and the third range bent forward over the 
air gap. 

The bad feature of this winding where one range is bent over 
the air-gap, is that the rotor cannot be withdrawn without taking 
off the top half of the armature. In the case of large armatures 
this does not matter, as they are invariably built in at least two 
sections for convenience in manufacture and transport. 

The winding of Figs. 253 and 254 is arranged in groups of 
three coils each, and this armature can be divided at any point 
between any pair of groups without disturbing the winding at all. 
The diagram shows two such groups connected up. 

This winding is identical with that given in Fi^^^g,g,and its 
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properties will be seen from Table XII. on page 189. Reference to 
this table shows that the armature can be divided, and also that 
there is one coil per phase per pole pair. Hence, for each group of 
coils in Fig. 254 we must have a pair of poles, and these are 
indicated at the top of the figure. The coils of one phase must be 
connected up in the same direction as in Figs. 223 and 229. The 
winding is a three-phase, half-coiled, double-coil, two-slot spiral 
winding in three ranges. 
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Fig. 254.- 



-Three-pha8e, Half-coiled, Double-coil, Two-slot Spiral Winding 
in three ranges (six-phase grouping). 



It is worth noting that the coils of the upper and lower ranges 
are exactly similar in shape. If this armature had open slots which 
permitted of form-wound coils, and if the ratio of gap diameter to 
polar pitch is sufficiently large, there need only be two kinds of 
formers — one for the middle range coils, and another for both the 
upper and lower range coils. The lower range coils have only to be 
placed on the armature upside down with regard to the upper range. 

The other types of three-range winding (Fig. 230) have three 
kinds of coils, and require a corresponding number j^|^.fgfjn^QQQ[^ 




Fio. 255.— Armature of Lahmeyer 4000 k.w. 10, 000- volt Alternator. Thirty-six-pole, Three-phas 
Whole-coiled, Double-coil, Four-slot Spiral Winding in three ranges. 




TG. 257.— Armature of Lahmeyer 4000 k.w. 10,000-volt Alternator. Thirty-six-pole, Three-pin?^ 
Whole-coiled, Double-coil, Four-slot Spiral Winding in three ranees. 
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In three-range windings, owing to the dissimilarity of the coils 
in the different ranges, there is a danger of the length of the mean 
turn of a coil in one range differing from that of the other ranges, 
which renders the phases of different reactance and unbalanced. 

In such a winding as Fig. 253 the coils are, however, much of 
the same size; but with a winding as type e in Fig. 230, this is 
not so. This is obviated by the grouping of Fig. 256, which is the 
diagram for the machine shown in Fig. 255. This is a 4000 k.w. 
10,000 volt 36-pole three-phase alternator, of the Lahmeyer Co. 




m 



Fio. 258.— Stator Winding with similarly shaped Coils. 

The title of the winding is a three-phase, whole-coiled, double-coil, 
four-slot spiral winding in three ranges. 

A portion of the winding is shown in Fig. 257., which makes 
the dietails more clear. In this winding, as distinguished from the 
previous one, every alternate group of three coils is reversed so 
that the upper range coil of one group comes next to the upper 
range coil of the neighbouring group. The effect of this, as will 
be seen from the coloured phases in Fig. 256, is as follows : — 

The coils of the red phase are all of the same and medium 
breadth. 

The coils of the black phase are half broad and half narrow. 

The coils of the blue phase are half narrow and half broad. 
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Thus the black and blue phases are identical, and there is less 
liability of the phases being unbalanced. The armature is still 
divisible without disturbing the coils, and a close inspection of the 
horizontal joints in Fig. 255 will show that a coil is located on 
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Fig. 259.— Two-phase, Whole-coiled, Single-coil, Two-slot Spiral Windings 
in two ranges with similar Coils. 

each side of the joint, and all that is disturbed by lifting off the 
top half are the connectors between the coils. 

The connections between the coils will be seen clearly in Fig. 
257, and the length and location of these show that the connections 

|_NJ |_SJ UU 13-1 LN_| LSJ L_N 




Fig. 260. —Three-phase, Half-coiled, Single-coil, Uni-slot Spiral Winding 
in two ranges with similar Coils. 

are as drawn in the diagram of Fig. 256, where every alternate 
coil of each phase is reversed on its predecessor. There will thus 
be one pole subtending each group of three coils, and the poles will 
stand as shown in Fig. 256. 

This winding could be connected in the same way as Fig. 254, 
when it would have twice the number of poles. 

Fig. 258 shows a winding in which all the coils are^ thej 

Digitized by VjOOQ IC 



224 



AUMATUHK CONSTRUCTION 




same shape, and may 
be made on one former. 
In such a winding there 
is more certainty of the 
phases being balanced. 
In all the previous 
three-range windings 
both ends of any single 
coil are in the same 
range, i.e. the ends of 
the coil at both ends 
of the armature are 
in eitlier the upper, 
middle, or lower range, 
as the case may be. 
In the present wind- 
ing, considering a 
single coil, at one end 
of the armature it is 
in the upper range 
while at the other end 
of the armature it is 
in the lower range. 
This will be clear, con- 
sidering, for instance, 
the black coils only 
from Fig. 259, where 
the diagram is shown 
as a two-phase 
winding. 

The two - phase 
winding in Fig. 259 is 
whole-coiled. Con- 
nected as three-phase 
the diagram is as 
shown in Fig. 260, 
wliere the winding is 
now changed from 
whole-coiled to haK- 
coiled, and has three- 
quarters the number of 
poles, the change being 
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made in a similar way to that in which Figs. 243 and 244 were 
treated on pp. 205 and 206 

Before closing the subject of three-range windings, there is 
another type given in Fig. 261, which has one coil per phase per 
pole pair^ which is equivalent to the windings already shown in 
Figs. 228 and 239, a, 6, and c. This winding does not permit of 
the armature being divided, and the coils must be laid up in the 
manner of either of types e or / in Fig. 230 to permit of the 
rotating element being withdrawable. This diagram is a de- 
veloped diagram of the whole-coiled winding already given in 
Fig. 228, and has the following title : — three-phase, whole-coiled, 
single-coil, two-slot spiral winding in three ranges. In Fig. 261 
we have connected up the coils of the several phases and dis- 
tinguished between the different ranges by three different widths 
of coil. 

This winding possesses no superiority to any of the foregoing, 
except, perhaps, that the windings are more distributed, and have, 
consequently, less inductance and improved thermal emissivity. 

Lap-coil Windings. 

The difference between a lap-coil winding and a spiral-coil 
winding has already been shown by the two diagrams. Figs. 208 and 
215, p. 171. It is not difficult to see that any of the spiral-coil 
windings already dealt with may be replaced by lap coils. The 
coil element now appears as indicated in Fig. 215. 

It will be a sufficient example if we take the case of Fig. 244 
and convert it into a lap-coil winding diagram. This has been 
done in Fig. 262, and a comparison of this diagram with fig. 244 
is of interest. 

This winding still retains the feature of having its twelve coils 
distinct from one another, and it may be connected for two -phase 
as in Fig. 243. The appearance of such a winding is shown in Fig. 
263. This photo, however, shows part of a very large armature 
having a much larger number of poles than Fig. 262 ; but it has 
three slots per pole per phase, in which respect the two are identical. 

The winding diagram for Fig. 263 will be the same as Fig. 262, 
except that it should be extended so as to have the correct number 
of poles. A developed diagram for a portion of the winding is 
given in fig. 264. The photograph of this winding in Fig. 263 shows 
clearly how the elements of all the coils are of equal breadth, and 
the manner in which the ends of the coils lie up with one another. 
In this case we have one conductor per slot, and the slots are spWQTp 




Fio. 262. — Six-pole, Three-phase, Half-coiled, Triple-coil, Three-slot Lap Winding. 




Fig. 263.— Three-phase, Half-coiled, Triple-coil^-Tfcrep-slpit ^(^(ij^if^. 
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closed. Each turn is made from a continuous single piece of 
copper conductor slipped into place from the end of the armature. 




Fig. 264.— Three-phase, Half-coiled, Triple-coil, Three-slot Lap Winding. 

In such cases as this it is more usual to carry out the winding 
as a " bar winding/* where the conductors or bars are slipped into 
the slots from the end, and then connected up into coils by means 




Fio. 265.— Three-phase, Half-coiled, Quadruple-coil, Four-slot Lap Winding. 
(Bar wound, with separate V-end Connectors. ) 



of separate V-end connectors all of the same size and shape. 
Such a bar winding is shown in Fig. 265. This having three 
slots per pole per phase, the diagram of Fig. 264 applies also in 
this case. It will be seen that the appearance of the end con- 
nectors in Fig. 265 is exactly the same as in Fig. 264. 
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Pio. 266.— Three-phase, Whole-coiled, Donble-ooil, Four-slot Lap Winding. 




Fio. 267.— -Thi 66- phase Distributed Lap Winding (Alioth<Jo. ). j 
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The above windings are half -coiled ; but it is easily seen that 
vrhole-coiled windings may also be lap-coil wound, and Figs. 228 
and 261, for instance, could be easily so transformed. 

The diagram for such a winding is shown in Fig. 266. The 
winding shown has four slots per pole per phase and double 
coils. A photograph of a winding of this type is given in Fig. 267. 




Fig. 268.— Six-pole, Two-phase, Two-slot Wave Winding. 

Wavb Windings. 

If we refer back to Figs. 218, 219, and 220, it will be seen that, 
starting with conductor 1a, the winding progresses round the 
armature to 6a, taking in 2a, 3a, 4a, and 5a successively, and 
making a wave element. If, instead of conductor 1a, we had two 
conductors connected to two other conductors replacing 2a, we should 
obtain in place of Fig. 219 the two-phase diagram in Fig. 268. 
Fig. 220 treated in a similar manner would give a three-phase 
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wave winding. These windings are still electrically identical 
with the corresponding spiral-coil and lap-coil windings ; but they 




Fio. 269. — Three-phase, Two-slot Wave Winding (tnie Three-jihase Grouping 
with well-distributed End Connectors) 

need to be distinguished from continuous-current wave windings 
of the closed circuit type, which, as we shall see subsequently, are 
applicable to alternators. 




Fig. 270.— Three-phase, Two-slot Wave Winding. 

If the common three-phase winding of Fig. 223 is treated in 
the same way, we obtain the diagram of which a developed portion 
is shown in Fig. 269. This is a three-phase, two-slot, wave winding. 
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Fig. 270 shows a photograph of a winding corresponding to this 
diagram. This winding is really a bar winding, but the bars are 
themselves cranked at one end to form half of the connector, the 




Fig, 271.— Three-phase, Two-slot Wave Winding (Six- phase Grouping with 
clustered End Connections). 

other half of which consists of a piece of copper strip. If in Fig. 
269 the red phase be reversed so that its end connectors, which 
were at the top of the diagram, now appear at the bottom, and 




FlO, a72 . — T wo ■pll^^6, T L ree -si q t Wavt W imW ug. 

vice versdy we arrive at the winding of Fig. 271. Here the end 
connectors are clustered in groups, which, practically, is not so 
good as the evenly distributed grouping of Fioj. 269. (These two 
cases, in fact, correspond with the coil windings of Figs. 239, «. 
and N respectively, and a comparison is instructive.) We have, 
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however, done this to show how Fig. 271 can be readily converted 
into a two-phase winding. We have six slots per pole (two per 
pole per phase), and in Fig. 271, under the first pole, phase A 
takes in conductors 1 and 2, phase B 3 and 4, and phase C 5 and 6. 
Fig. 272 shows the same winding as a two-phase, phase A taking 
in conductors 1, 2, and 3, and phase B conductors 4, 5, and 6. 

The number of poles remains the same, and there are still six 
slots per pole ; but since there are now only two phases, the number 
of slots per pole per phase is three, and the number of turns per 
phase is 3/2 times greater than in Fig. 271. We thus have a wave 
winding which can be used for either two or three phase. It will 
be remembered that earlier in this chapter (p. 205) we obtained 
coil windings (either spiral or lap) which had this property. The 
only condition is, as before, that the number of slots per pole shall 
be a multiple of six, for the reason that this is the smallest number 
divisible by both three and two. 

The smallest possible number of poles is two, and hence the 
minimum number of slots is twelve, and the permissible numbers 
of slots for a wave winding common to two and three phases must 
be multiples of twelve, and are the same as in the case of coil 
windings (p. 210). 

Retrogrbssive Wave Windings. 

The wave windings heretofore described are generally more appli- 
cable to armatures with one conductor per slot carried out as bar 
windings. If there are two or any even number of conductors per 
slot, the wave winding most suitable is the retrogressive type, which 
is carried out in exactly the same way as a continuous-current barrel 
wave winding. The nature of this winding is shown by Fig. 273, 
which has eight poles and one slot per pole per phase, each slot 
containing two conductors. The two conductors are shown close 
together, the top one being represented by a full line and the 
bottom one by a dotted line. If the end connectors are all to lie 
up together, it is necessary to connect from the top conductor in one 
slot to the bottom conductor in the corresponding slot under the 
next pole. Thus, conductor 1 is connected to 4, 4 to 5, and so on, 
arriving at 16. We have now progressed once round the armature 
in going from the point marked A to the point marked B, but we 
have only taken in one-half of the conductors. To connect up this 
half independently, we may start at, say, conductor 14, which is 
a bottom conductor. It must be borne in mind that for the end 
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connectors to lie up, the bottom conductor must be connected 
in the opposite direction to the top on emerging from the 
armature. 

At the other end of the diagram the top conductors are 
connected to the right, and hence the bottom conductors must be 




Fig. 273.— Elementary Single-phase, Uni-slot, Retrogressive Wave Winding, 
Two Conductors per Slot. 



connected to the left, and thus conductor 14 is connected to 11, 
and so on round the armature, arriving at 15 after having made a 
complete tour in the opposite direction to that taken previously, 
the ends being marked C and D. An inspection of the arrow- 
heads on the conductors, which indicate the direction of the 
electromotive forces, will show that, to connect these two circuits 
together so that the KM.F.'s are in the same direction throughout 
the winding, either points B and C must be connected together. 
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leaving A and D as terminals, or A and D must be connected 
together, leaving B and C as terminals. 

*The former of these alternatives has been taken in this case, 
giving the terminals marked S and T. From the winding thus 
connected up it may readily be seen in what sense it is retro- 
gressive : for starting at S and following the circuit, we make a 




Fig. 274. —Three-phase, Uni-slot, Symmetrical, Retrogressive Wave Winding. 

complete tour of the armature in one direction to the point B; 
and then going to point C, we make a complete tour in the reverse 
direction, arriving at the other terminal, T. 

It is now a simple matter to complete this diagram into a 
three-phase eight-pole diagram by adding four more conductors 
(two red and two blue) under each pole, and connecting them up 
exactly as in Fig. 273. This amounts to superposing on Fig. 273 
two additional and exactly similar phases, thus giving the dia- 
gram in Fig. 274 This winding is absolutely symmetrical, having 
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the same number of conductors in each phase. The end connec- 
tions are thoroughly evenly distributed around the circumference, 
the only slight irregularities occurring at the points where the 
terminals are taken out and where the two halves are connected. 

■ This does not affect the appearance and construction of the 
winding, as is shown by the Fig. 275, which is a photograph of 
a wound rotating armature with this type of winding and two 
conductors per slot. 

An example of a two-phase winding is given in Kg. 276, which 
relates to an eight-pole stator for an induction motor. There are 




Fig. 275. — Three-phase Retrogressive Wave Winding. 

eighty slots and five slots per pole per phase, with four conductors 
per slot. 

The disadvantageous feature of this type of winding, in common 
with continuous-current wave windings, is that between the top 
and bottom conductors in the slots a pressure exists equal to half 
the full terminal voltage. This necessitates insulating the top 
conductors from the bottom conductors by an extra strip of insu- 
lation. The winding is not suitable for high voltages, but for 
induction motor stators of low voltage, and especially for wound 
rotors, it is very useful. 

A further interesting example of the application of the retro- 
gressive winding is afforded by Fig. 277. This winding is for a 
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300 k.w. 440- volt three-phase alternator. The current per phase 
is 460 amperes at full load, and, at a current density of 200 
amperes per sq. cm., the cross section of conductor required to 

At\C\ 

carry this current would be — - = 2*3 sq. cms. As this is a very 

large conductor to handle, the winding would have to he carried 
out as a bar winding, and preferably with straight bars and 
separate V-end conductors with a joint at the end of each bar, 
ix. two joints per bar, or, as there are 480 conductors, a total of 
480 joints. A large solid conductor is undesirable on account of 
eddy currents, and it would be better to replace the single con- 
ductor by two conductors in parallel, each of one half the cross 
section. The other alternative is to employ a stranded conductor, 
but this again is undesirable on account of the space lost in the 
slot due to the stranding. 

If we take two conductors per slot we are at once able to 
carry out the winding as a retrogressive wave winding, but it will 
be necessary to connect the two halves of the winding in parallel, 
and not in series, as in Figs. 273, 274, and 276. 

The diagram in Fig. 277 shows a portion of the winding 
(corresponding to about four poles) with the terminals brought out 
and the parallel connections made. The arrow-heads on the con- 
ductors and on the terminal lines indicate the relative directions 
of the E.M.F/S, and the winding is coniiected up in the correct 
sense with regard to these directions. The method of parallel 
connecting will be more clear from Fig. 278, which shows one 
phase of a similar winding having only six poles but three slots 
per pole per phase, as in Fisj. 277. 

Commencing in Fig. 278 with conductor No. 1, and progressing 
round the winding in one direction, taking in the appropriate 
conductors, we arrive at conductor No. 96. Similarly for the 
other half of the winding, commencing at No. 6, we arrive finally 
at No. 19. The arrow-heads indicate the relative directions of the 
RM.F.'s , and for the proper sense we must connect conductors 
1 and 6 together, and also 96 and 19 together, obtaining the 
terminals T^ and Tg, between which there are two equal halves of 
the winding in parallel. Fig. 278 should make these connections 
quite clear, and also the similar connections for each of the phases 
in Fig. 277. The advantages of this winding in this case are: 
(1) That the conductor is much more workable, owing to its being 
of smaller section ; (2) the number of joints at the ends is only one 
half of the number in the original wave winding with one conductor 
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per slot ; (3) these joints will be easier to make than in the original 
wave winding, as the conductor is only half as large ; (4) the scheme 
permits of a thoroughly distributed winding, which is better from 
the standpoints of heat dissipation and low inductance, and it has 
also a better appearance, being carried out with cylindrical barrel 
end connections ; (5) the bars may all be shaped in the same form 
to either the shape shown in sketch C or D in Fig. 277. 




Fio. 278. —One Phase of Six-pole Parallel-connected Three-slot Wave Winding. 
Three Slots per Pole per Phase ; two Conductors per Slot. 

Jt will, however, be necessary with this winding to insulate the 
top conductor from the bottom one in the slot, as there will be a 
pressure between these conductors at certain points amounting to 
two-thirds of the voltage per phase. As this will, in this case, only 
amount to 170 volts, it is not serious with a low-voltage winding, 
and 1 mm. will be ample insulation between conductors. If the 
open slot is retained, the bars could be shaped as in sketch C, and 
dropped in at the mouth of the slots. The shape in sketch D 
only requires one bend per bar, and could be used either with an 
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Fio 279. — Two-circuit Single Winding with Sixty-four Conductors, Six Poles, 
Pitch 11. Tapped for Single Phase. 




Fio. 280. — Six-circuit Single Winding with Seventy-two Conductors, Six Poles. 

Front Pitch 13 ; Back Pitch 11. Tapped for Single Phase. . ..^^T^ 
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open or seini-closed slot ; in the latter case the bar would be pushed 
into the slot from the end. 

The question of an open or closed slot is largely one of experi- 
ence in manufacture, and either can be used, but if the semi-closed 
slot is used the bars must be shaped as sketch D. 




Fig. 281. — Windinoj for a Three-phase Rotary Converter, Six-circnit Single-winding 
with 108 Conductors, Six Poles. Front Pitch 19, Back Pitch, 17. 



II.— CL(3SED-CIECU1T WINDINGS. 

As was stated at the beginning of this chapter (p. 163), any 

continuous-current winding can in general be employed for 

alternating current work, by dispensing with the commutator and 

tapping the windings at a few suitable points and connecting from 

■ these points to the slip rings or stator terminals. 

To convert a two-circuit (or wave) winding into a single-phase 
alternating current winding it is necessary to X>a,Vi iJi^^trOnly two 
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points, each connected to a collector ring. With a multiple circuit 
winding there must be one tapping for each collector ring per pair 
of poles, i,e. the total number of tappings is equal to the number 
of poles. Taking, for example, the two-circuit single-winding shown 
in Fig. 279, which has 6 poles, 64 conductors, and pitch 11, the 
winding is tapped at some point A to one collector ring, and then, 




Fig. 282. — Winding for a Three-phase Rotary Converter, Two-circuit 
Single-windiug with Ninety Conductors, Eight Poles. Pitch 11. 

after tracing round one half of the conductors, a tap is taken out 
at point B to the other collector ring. 

If the winding be doubly re-entrant there must be two taps at 
neighbouring points to each ring; that is, one tap per ring for 
each re-entrancy. Corresponding rules apply for other multiply 
re-entrant windings. 

Ab an example of a multiple-circuit winding, Fig. 280 shows 
a six-circuit single winding with 72 conductors and 6 poles. 
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In tapping this winding for single-phase alternating current, 
we may first connect the lead from conductor No. 7 to one 
collector ring, then we progress around the winding until we 
have taken in one-sixth of the total number of conductors, i.e. 
twelve, which occurs when we reach conductor No. 31, at which 
point another tapping is made to the same collector ring. 




Fig. 283. — Winding for a Six-phase Rotary Converter, Six-circuit Sinpjle- winding 
with 108 Conductors, Six Poles. Pitch : Front, 19 ; Back, 17. 

After talking in twelve other conductors, another tapping 

is brought out after having traversed conductor No. 55. In 

progressively taking in one-sixth of the conductors we pass over 

one-third of the periphery, or a distance of twice the pole pitch. 

Thus if we take one tap out at conductor No. 7, the next tap 

to the same ring occurs at conductor No. 31, and the pitch of 

72 
conductors between one tapping and the next is 24, or -^x2, 

6 

or, generally, twice the number of conductors per pole. The same 
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applies to the tappings to the other ring, but the first tapping 
musfc be brought out from a conductor similarly situated to con- 
ductor No. 7, but under the next adjacent pole. This will be 
No. 19, as there are twelve conductors per pole. Thus we take 
tappings to the second ring from conductors 19, 43, and 67. 

It is clear that as both of the above windings are 




Fig. 284. — Winding for a Six -phase Rotary Converter, Two-circuit Single-winding 
with Ninety Conductors, Eight Poles. Pitch 11. 



essentially continuous-current windings and are capable of being 
tapped for alternating current, they are applicable at once to 
rotary converter armatures, if in addition to the collector rings 
a commutator is added connected at the proper points, which are 
shown with short lines attached in Figs. 279 and 280. The 
windings which we shall now proceed to consider will be referred 
to as rotary converter windings, and it will be borne in iPJPd^ 
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that by omitting the commutator they are at once alternating- 
current windings only. 

The carrying out of these windings, and the laws which 
govern them, are the same as for continuous-current windings. 
These have been dealt with in Chapter VIII. It will therefore 
suffice if we give a few examples of typical polyphase rotary 
converter windings. For three-phase multiple-circuit simplex 
windings there are three sections of winding per pair of poles. 
In two-circuit windings there are three sections per winding 
independently of the number of poles. 

Thus a six-pole machine with a six-circuit simplex winding 

6 
has 2X3 = 9 sections, i.e. three per pair of poles. 

To tap such a winding for three-phase, leads are taken out 
to the collector rings at equal ninths through the armature from 
beginning to end. 

Fig. 281 shows such a winding having 108 conductors. The 
portion of the winding lying within one pair of poles is divided 
into three sections coloured black, red, and blue, and taps are 
taken out to the three collector rings at the junctions of these 
sections, giving nine taps in all. 

Had the winding been a two-circuit single winding there 
would have been only three sections, and taps would have been 
required at equal thirds around the armature. 

Fig. 282 illustrates an eight-pole two-circuit winding with 90 
conductors and a winding pitch of 11. Tappings are brought to 
the collector rings from the leads to the three conductors numbered 
1, 31, and 61. The phases when distinguished by colouring, stand 
as in Fig. 282. 

The distinctive feature which will be noticed from Figs. 281 
and 282 is the overlapping of the phases in three-phase closed 
circuit windings. This is clearly brought out by the colours. 
Thus any portion of the armature periphery carries conductors 
belonging to two different phases, such conductors occurring in 
the same slots. For instance, in Fig. 282 the portion of the 
armature from conductor 1 to 6 carries red and blue conductors, 
from 7 to 13 black and blue, and so on round the whole armature, 
the conductors of one phase being distributed over two-thirds of 
the periphery. This does not occur with six-phase windings, and 
as this feature results in a less output for the three-phase machine, 
the six-phase rotary converter is coming to be more commonly used. 

The positions of tappings for six-phase winding are shown in 
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Eigs. 283 and 284, which are the same windings as Figs. 281 and 
282, but tapped for six-phase. The winding has to be divided 
into twice as many sections as for three-phase. Thus, the six- 
circuit winding which was divided into nine sections in Fig. 281 is 
now divided into eighteen sections in Fig. 283, the conductors 
belonging to the different phases being distinguished by colours. 
It will be seen from Figs. 283 and 284 that each part of the 
armature periphery is now occupied by conductors belonging to 
one phase, and there is no overlapping as in Figs. 281 and 282. 
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CHAPTEE X 

THE INSULATING OF ARMATURE CONDUCTORS^ 

In order to obtain a high " space factor " in armature slots, it is 
essential not only to select the very best of materials for the 
insulation of the groups of conductors, but careful attention must 
also be given to the order of their arrangement, so that those 
materials most suitable for withstanding mechanical strains shall 
be so disposed as to shield the mechanically more delicate, but 
dielectrically stronger materials. We must consider the reasons 
leading to the use of particular materials in various cases. 

It lias for many grades of work been found preferable in 
practice that a tough fibrous material, suitably treated to render it 
moisture-proof, should come next, to the iron walls of the slot, in 
order to protect from mechanical injuries the conductors and their 
high-grade insulating wrappings. Nevertheless, where motors are 
manufactured in quantities, the slot lining is often dispensed with, 
and the form-wound coil, after being hydraulically compressed, is 
forced into the unlined slot. 

The following materials have been employed for slot liniugs. 
They are arranged in the order of their toughness: — 

Horn Fibre. 

Leatheroid. 

Presspahn. 

Red Rope Paper, and 

Manilla Paper. 

These and similar materials may be obtained of almost any 
thickness. It is generally preferable to use several layers of thin 
material in making up a slot lining of a required thickness. Thus, 
for example, sheets of presspahn, each 0*25 mm. thick, used in two 
or three layers, are far more flexible and give a somewhat higher 
total disruptive strength than single sheets of equivalent thickness. 

^ Part of the material contained in this chapter is drawn from Chap. XIV. of 
The Insulation of Electric Machines (Turner & Hobart), to which the reader is 
referred for a full treatment of the subject. 
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There is less danger of cracking the material at the bends, and if 
faults exist in the component sheets, the danger of a superposition 
of these faults is less the greater the number of sheets. Each sheet 
may also be more thoroughly dried out the thinner it is. One also 
avoids the necessity of keeping in stock a large number of different 
thicknesses 

Horn fibre ranks first, both in mechanical and in disruptive 
strength, but does not run very uniform in thickness. It is also 
relatively expensive. 

Presspahn ranks first in uniformity of thickness and in surface 
smoothness; it is tough mechanically, and has high disruptive 
strength. 

Eed rope paper and manilla paper are cheap, and are widely 
used for slot linings, but care must be taken to test the quality. 
Manilla paper is preferable. 

When wood is used in armature construction, it must be dried 
with the greatest care and made waterproof by suitable treatment. 
It is often used for the retaining wedges for the slot conductors, 
but has the disadvantage that, when so employed, it will, in the 
interests of mechanical strength, require more space than is 
necessary by other arrangements and materials. It obstructs the 
emission of heat from the conductors. It is also difficult to avoid 
warping and cracking. It involves the use of more expensive 
punches and dies. In general it may be said that the use of wood 
in armature slots is to be avoided. Formerly it was employed to 
a great extent. It is preferable to let the insulated armature coils 
come directly to the surface and be held in place by binding bands. 

Great care must be exercised with all slot-lining insulations to 
subject them to thorough drying and waterproofing processes. 
A very effective process consists in prolonged immersion in hot 
linseed oil. When recourse must be had to the use of wood for 
slot wedges, great care should be employed in the selection and 
treatment of the wood. It should be of hard, fine grain, as, for 
example, maple or teak. It must be cut with the grain, and must 
be free from knots and irregularities of all kinds. It must be 
thoroughly seasoned and dried. The ultimate drying should be in 
a vacuum oven, and after being taken from the oven it should, 
while still hot, be immersed in double-boiled linseed oil, and left 
there for from twelve to twenty-four hours, the temperature being 
maintained near the boiling-point. The wood thus becomes 
thoroughly impregnated, making it moisture-proof and improving 
its insulating qualities. 
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Figs. 285 and 286 are instances of the preferable design for 
armature slots in which wedges are dispensed with. The use of 
wooden wedges is at present coming to be restricted to the 
external stators of induction motors with open slots, for in this 
case, use cannot, of course, be made of binding wires. Fig. 287 
gives an instance of such a slot. 

Mica and micanite should only be employed for slot linings 
in high-voltage machines. Pertinax and micarta and presspahn- 
mica are all good alternatives in suitable cases. 
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Fig. 285. — Section through Slot of Wire-wound Continuous-current Armature. 

For materials to be employed in binding the conductors together 
in groups, and for the wrapping for armature bars, one or more of 
the materials given in the following list may be employed : — 

Cotton tape (sometimes known as "jaconet" tape, and 

generally 0*13 mm. thick). 
Varnished cambric. 

Manilla paper, impregnated with insulating varnish. 
Oiled unbleached cotton. 
Mica paper. 

From this variety a suitable choice will ensure good results if 
care is used in the preparation and application. A few examples 
from practice will be of service. 
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Insulation Specification for 500- Volt Tramway Motor 
Armature Slots, 

The conductors are first finely spun with a double cotton 
covering. This, of course, is generally done by the firm supplying 
the copper wires. 

The wound coils are dried for three hours in a vacuum oven at 
90° C, and are then impregnated with a good and preferably 
plastic insulating varnish to render them moisture-proof. 
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Fig. 286.— Section through Slot of Strip- Wound Continuous-current Armature. 

In making up the compound coil, pieces of very thin shellac'd 
presspahn^ are placed between the component sections. The two 
straight sides (ie. the slot portion) are then placed in a steam or 
electrically heated mould, thus compressing the whole group of 
conductors into a solid compact form. 

The slot portion is then wrapped over with from two to four 
layers of varnished cambric, and then the whole coil is served with 
"jaconet" tape (cotton tape), 0*13 mm. thick and 16 mm. wide, 
wound with half overlap. 

A Shellac'd presspahn has the advantage for this purpose that the shellac 
is pressed laterally out between the wires, filling up the interstices and 
cementing the whole into one compact mass. There is not enough shellac 
present to be harmful. 
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The coil must next be dried in a vacuum oven and dipped twice 
in a plastic varnish, and subsequent to each dipping it should be 
dried for three hours in a vacuum oven at 90° C. 

After dipping the slot portion in hot paraflBn wax, to protect it 
against possible abrasion during assembling, the coil is ready to 
be assembled on the armature. The section through this coil 
assembled in the slot is shown in Fig. 285. 

When completely assembled on the armature core and bound. 
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Fig. 287.— Section through wide open Slot of Stationary Armature. 



such a winding should stand for one minute at 20° C. the 
application of at least 3500 R.M.S. volts from copper to core. 

In Fig. 286 is shown the slot arrangement for a strip winding 
with 8 conductors per slot, placed 4 wide and 2 deep. Such a 
500-volt strip winding should be tested with at least 3500 volts 
when connected and completed. 

The strips, after being served with "jaconet*' tape and thoroughly 
dried, must be made waterproof by impregnating the tape with 
some good and preferably plastic varnish. After the application 
of each coat of varnish, the strips must be baked for three hours in 
a vacuum oven at 90° C. 
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The following is a concise outline of a good treatment for 
insulating form-wound coils. It presupposes that one of the 
permanently plastic varieties of varnish is employed. Such 
varnishes have now been placed on the market by several firms. 

1. Wind the coils on a former to the required shape (see 
Chapter XL). 

2. Place the form-wound coils (either double cotton covered or 
braided) in the baking oven, which should preferably be of the 
vacuum type, for one hour at 90° C. 

3. Immediately on removing from the baking oven, while the 
coils are still hot, they should be immersed in insulating varnish 
and kept so immersed until air bubbles cease to rise. 

4. Eeturn the coils to a baking oven, now filled with air instead 
of being exhausted, and bake for ten to twelve hours at 90° C. 

5. Tape the coils with impregnated tape, applying it with one- 
third overlap. 

The tape may be prepared and impregnated in the following 
manner : — 

{a) Dish the rolls of tape by pushing their centres outward, 
rendering them concave in order to expose a maximum of surface. 

(6) String these rolls on a small rod passing through the 
centre of the rolls. 

(c) Dry the rolls of tape in a baking oven (preferably a vacuum 
oven) at a temperature of 90° C. for two or three hours. 

{d) Kemove the rolls of tape from the oven and immerse them 
immediately while hot in a suitable insulating varnish. Allow 
them to remain about twelve hours in the varnish. 

The specific gravity of the varnish should be maintained at 
about 0*85. Benzine is a suitable thinning material for some 
varnishes. 

(e) Kemove the rolls of tape from the varnish and suspend 
them in the air to dry. The tape should now be of a permanently 
plastic nature, and have no tendency to harden. 

The coils so taped up are now ready for assembling on the 
armature of which the slots and end shields are insulated. This 
process is referred to in Chapter XI. 

In Fig. 287 is given a 500-volt winding for the stator of an 
. induction motor with a wide open slot. 

For equivalent windings for lower voltages, the insulation can, 
from mechanical considerations, only be decreased very slightly, 
since, although the insulation thickness is unnecessarily great for 
the required disruptive strength, there is great risk of mechanical 
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weakness with thinner insulations, and this would ultimately 
entail defective insulation. With this reservation, the above 
three examples will serve as a guide by which other types and 
sizes may be constructed. Great care must be taken to ensure 
the high quality of all the materials employed. A great deal 
depends upon having the varnishes adjusted to the most suitable 
consistency. 

In the case of alternating-current machinery, still greater care 
should in general be given to the insulation, owing to the higher 
voltages generally employed, and the lower factors of safety 
which it is practicable to adopt. When, however, the potential 
does not exceed 500 volts, the insulation may be very much the 
same as for continuous-current machines ; in fact, the present 
custom is to permit a much lower insulation standard than for 
continuous-current machines for the same rated voltage. This is 
a wrong tendency, and has no possible justification. In fact, for a 
given rated voltage, the maximum voltage occurring is higher in 
the alternating-current machinery to the extent that the maximum 
exceeds the RM.S. voltage. 

For voltages above the range of those employed for continuous- 
current machines, presspahn may in some cases preferably be 
replaced by horn fibre, owing to its higher mechanical and dis- 
ruptive strength. Indeed, if manufacturing companies were not 
so hopelessly involved by tradition and established customs, the 
better material would more often be used, and with advantage, 
since any difference in the cost of the insulating material would 
be of negligible influence on the total cost of the machine. This, 
however, should not be taken as advocating so wastef ully expensive 
a practice as the use of micanite linings on continuous-current 
motors of from 250 to 600 volts. 

On alternating-current machinery of from 1000 volts upward, 
a moulded presspahn-mica insulation is very suitable. In such cases 
some firms employ micanite tubing. This is, however, not only 
more expensive, but, what is most important, it is more liable to be 
injured by moisture and dampness, which ultimately permeates the 
sticking varnish and causes the tube to lose its compactness and 
become mushy, ultimately disintegrating after long service in damp 
situations. 

Presspahn-mica may be made up as follows: — On a sheet of 
oiled presspahn 0*2 mm. thick, one layer of flakes of mica is pasted 
slightly overlapping, over three-fourths of its surface, a rim equal 
to one-fourth of the width of the sheet remaining uncovered. This 
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sheet is rolled up over a mandril and baked in a form. The mandril 
is of the dimensions desired for the inside of the tube. The tube 
may be sawn open at the top with a circular saw. The slitted tube 
is inserted in the armature slot, and the wires are fed in through 
the slit. Before pasting the flakes of mica on the presspahn, the 
latter should first be dried for three hours at 70° C. in a vacuum 
oven, and then placed for twenty-four hours in a tank of pure, 
double-boiled linseed oil, the oil being maintained at a temperature 
somewhat below its boiling-point, by means of steam-pipes lining 
the tank. The presspahn should then be removed and dried in 
an oven or in the air — the former being the quicker process, 
but otherwise possessing no advantage, in such a case, over drying 
in air. 

A presspahn-mica tube 2*5 mm. thick, consisting of seven 
layers of presspahn and six layers of mica, should, if carefully pre- 
pared, have a disruptive strength of 30,000 E.M.S. volts. It has 
been found that in the construction of micanite tubes the sticking 
varnishes are the source of much trouble, and they should therefore 
be used sparingly. The adhesive qualities of the linseed oil with 
which the presspahn is impregnated, are sufficient, when the tube 
is warmed up, to be depended upon for the purpose of sticking 
together adjacent layers. If the ends of the tube are dipped in 
hot paraffin, it will prevent moisture creeping in between the 
leaves. Such a presspahn-mica tube constitutes a moisture and • 
acid-proof, non-deteriorating insulation, and has the advantage 
over micanite tubes that the presspahn, being in one continuous 
piece, holds the other components firmly together. In micanite 
tubes, moisture penetrating into the sticker leads to disintegration. 
So-called micarta and pertinax tubes have recently been placed 
on the market by representative firms dealing in insulating 
materials. The pertinax tubes contain no mica. 
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CHAPTER XI 

THE WINDING OF CONTINUOUS-CURRKNT ARMATURES, AND THE 
DESIGN AND CONSTRUCTION OF WINDING FORMS 

The coils of continuous-current armatures are now practically 
always wound on formers. Form-wound coils are less universally 
employed in alternating-current machinery, with which we shall 
deal in Chapter XII. 

The original Siemens drum type of armature was generally 
hand wound, taking the wire directly from the reel. When wound. 




Fio. 288.— Winding Bobbin. Fio. 289.— Winding Shuttle. 

the ends of the coils project a considerable distance along the 
shaft, and are so interwoven that the repair or replacement of a 
coil is a troublesome matter. 

The old Gramme ring type of armature construction was of the 
hand-wound variety, and a wooden bobbin or shuttle (Figs. 288 and 
289) for holding the wire was about the only implement necessary. 
But with the advent of form-wound coils, a demand was created 
for winding forms for facilitating the winding of interchangeable 
coils. It has been customary for each manufacturer to devise and 
construct his own winding forms according to his requirements, 
and, as a rule, forms are being built to-day which are good for only 
one type and size of machine, thereby necessitating a multiplicity 
of winding forms which, on account of possible future repairs, must 
always be kept in stock ready for these emergencies. 
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The Alioth German Patent, D.RP. 34,783, of 17th March 1885, 
is amongst the first on record showing a short, uniformly-shaped, 
counterpart, form-wound coil; and although there have been 
numberless modifications devised by others since that date which 
decrease the cost of winding and insulation, the mean length of 
turn of the coil obtained by this Alioth winding has not since been 
appreciably decreased by any other method. 
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Fio. 290.— Alioth Form-wound Coils. 



Figs. 290 and 291 show the coils shaped according to the Alioth 
method of form winding. Fig. 292 shows the arrangement of a 
winding form for shaping the coils. 

In reference to the shortest possible length of coil, one of the 
authors took out a patent in 1901 (British Patent No. 17,489) for 
a coil shape which is illustrated in Fig. 293. This coil is based 




Fio. 291. — Alioth Fonn- wound Coils. 



on the idea that the shortest coil would have its end connections 
formed on the principle of an equilateral triangle bent out of 
its original plane, and with the corners rounded off or otherwise 
modified to adapt it to joining the two corresponding face con- 
ductors by an essentially three-sided equilateral end connection. 
For a two-layer winding the coil would be conveniently formed to 
the shape shown at the top of Fig. 293, and afterwards spread to 
the shape shown in place on the armature in the lower views. 

The Eickmeyer coil (English Patent 2246, 6th April 18881t 
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was one of the earliest form- wound coils to be adopted in America. 
Its distinguishing characteristics comprised a bottom slot portion 
shorter than the upper slot portion, thus allowing the end 
connections to be looped downwards towards the shaft, and 
shortening up the total armature length, which in a tramway- 
motor is an important consideration. 
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Fig. 292.— Former for Alioth Coils, 



Fig. 294 shows the shape of coil for the Eickmeyer winding. 
The end portions of the coils are really laid up in two separate 
more or less vertical planes situated one behind the other when 
the winding is completed. It is this feature which renders the 
distance to which they project somewhat shorter than in the case 
of a barrel winding, where the end portions lie up in two con- 
centric cylindrical planes — the ends projecting in the plane of the 
armature surface, and not being bent down radially. 
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Fig. 293. — Hobart*8 Form-wound Coil 





FlOf 294. — Eickme^-er Form-wound Coil. 
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The Webber winding form (U.S. Patent 561,636, of 1896) 
facilitated the construction of coils of the Eickmeyer type. Fig. 
295 shows the shape of the Webber coil. Fig. 296 shows the 




Fio. 295 — Webber Form-wound Coil. 




Fig. 296.— Fonn for Webber Coil. 



method of winding and the winding form, which consists of a 
baseboard from which project pegs at appropriate points, and the 
coil is wound by carrying the wires around*^ the path defined by 
these pegs. 
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For quick repairs a form could be improvised with four round 
nails or pins driven into a board, together with two corner-pieces 
shaped. step fashion out of fibre or metal, as in Fig. 296. The coil 
when wound is of the shape shown in Fig. 297, and after leaving the 
form it has to be "spread." This may be done by means of a 
form constructed on the general principles illustrated in Fig. 297. 
This form may consist of a board with two cavities into which the 




Fio. 297.— Simple "Spreading** Apparatus for Armature Coils. 




^ Fig. 298.— Coil after Spreading. 

bottom lobps of the coil are inserted, and then by means of a 

hinged spreader the top and bottom portions of the coil are swung 

apart. The coils thus formed are of the general shape indicated 

in Fig. 298, and in this shape the coils are then taped, after which 

the coils are pressed into their final shape by means of a third 

form. This is shown in Fig. 299, and consists of two blocks 

between which the coil is pressed. 

The desire to avoid the payment of royalties under the Eickmeyer 

patents served as an incentive toward the perfection of other form- 
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Fio. 299.— Block for Pressing Armature Coils. 




Fio. 301.— Wound Coil from former in Fig. 30CU t 
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wound coils, such as the barrel type or diamond-shaped coils. 
With coils of these types, supporting end flanges were added to 
the armature core construction. 

These coils could be wound in a simple form of some such 
type as that indicated in Fig. 300. The central elongated- 
formed block of wood in Fig. 300 is provided with holes for the 
reception of two bolts with wing nuts which clamp the central 
block between two side blocks. The central block and side blocks 
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F16. 302. — Simple Hand-spreading Apparatus. 

are so recessed as to provide spaces for a number of lead or soft 
iron strips which are laid in place prior to winding the coil. After 
winding the coil the lead strips are bent up over the coil, which 
thus remains held in shape after removing it from the form. At 
this stage the coil presents the appearance indicated in Fig. 301. 

Fig. 302 illustrates a simple way by which it may be next spread 
out to a so-called diamond-shaped coil. The apparatus consists 
simply of a wooden dummy of the same diameter as the armature, 
and having one slot into which one side of the coil is placed; the 
other side is taken into the groove in a piece of wood, with handles 
at each end, which is pulled round on the surface of the^mnrnv 
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until the coil is the correct width and has the final form indicated 
in Fig. 302. 

A combined winding form and spreader, designed by H. W, 
Turner, is shown in Fig. 303. By means of this apparatus 
three coils can be simultaneously wound, the apparatus being 
attached to a winding lathe face-plate. The process of winding 
with this apparatus is illustrated in detail in the photographs of 
Figs. 333 to 339. 

A universal spreader which is adjustable for any size of diamond- 
shaped coil, is shown diagrammatically in Fig. 304. » 



^ Vi1l| ||| .jit 

Flu. 303. — Turner's Combined Winder and Spreader. 

The sides, ie, the slot portions of the coils, are held in the 
clamps b and c attached to the bars e and g. These clamps are 
capable of adjustment longitudinally to suit coils of different 
length. The corners of the coil are secured to clamps n n, which 
are capable of sliding on a straight bar o. One side of the coil is 
thus held on the fixed part of the apparatus d, and the other on a 
movable arm h. 

The coil after winding is put into the clamps b, c, and n, the 
bars e and g being close together. To spread the coil the arm h is 
moved outward about the pivot I by pulling the handle piece k. 
The clamps n n slide towards one another, and the end parts of the 
coils a are drawn inwards, until the coil has attained the required 
breadth. This machine may be adjusted to suit any size of coil 
smaller than the largest coil which can be carried by altering the 
position of the clamps b and g. 
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Fig. 304. — Universal Spreader. 




Fig. 306. 
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By far the most ingenious combined winding form and 
spreader is that invented in 1898 by A. P. Hanson for the Union 
Elektricitats Gesellschaft of Berlin, Germany. This machine not 
only winds and spreads, but is also adjustable to many sizes of 
coils, making it very useful for small factories where the outlay 
for tools must be kept low. Figs. 305, 306, and 307 illustrate the 





Fig. 308. —Three-turn Wire- wound 
Armature Coil. 



Fig. 309. — Three-tnrn Wire-wound 
Armature Coils. 



principle of this machine. Figs. 305 and 307 show the position of 
the parts during the winding of the coil, the outline of which 
latter is shown dotted in Fig. 307. When the coil is wound, it is 
spread by sliding the piece holding one side, into the position 
shown in Fig. 306, the ends of the coils drawing in towards one 
another during the operation, along the axis shown in the plan 
of Fig. 807. 

Figs. 308 and 309 show typical, finished, wire-wound coils. 
Each of these coils is a composite coil consisting of three 

Digitized by V^OOQ IC! 



WINDING OF CONTINUOUS'GURRKNT ARMATURES 265 



component coils per slot, as indicated by the three ends projecting 
from each of the slot portions of the coil, and for this reason it 
may be designated a " triple coil." 

We have now dealt with the chief methods of constructing 
forms and coils for continuous-current armatures, and the under- 
lying principles of these govern the construction of the various 
other forms and other methods, some of which we shall consider 
subsequently. 

Strip-wound Armatuke Coils. 

Most of the previous methods and forms have applied to 
wire-wound coils. We shall now deal generally with strip- 
wound coils, and later give a typical example of a case 
with this type of winding. 




Fig. 310.— Jointed Strip Coil. 



Fig. 311.— Strip Coil Joint. 



In laying out the windings for a strip-wound barrel type of 
armature, one of the first questions to be decided is whether we will 
have soldered or jointless connection between the top and bottom 
halves of the windings. The arguments in favour of soldered con- 
nections are that as the defects to which armatures are most liable 
are those which occur near the surface, sometimes by being damaged 
in transport, and more frequently by moisture condensation on the 
surface, such defects are easily remedied by unsoldering the joint 
at the back loop, and raising the top half of the winding, repairing 
same, and replacing the bar, the two halves of the coil being as 
shown in Fig. 310. In high-speed machines, such as turbo- 
generators and motors, it is quite essential that we have a joint 
at the back end as indicated in Fig. 311, on account of the better 
mechanical means of binding the bars in place. The bottom layer 
of the windings is first put in place, and bands are put over these 
to hold them fast before the top half of the winding is put in, and 
then the back loops are soldered. But with moderate-speed 
machines this is entirely unnecessary ; a jointless winding is 
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much more cheaply and easily wound, insulated, and assembled, 
and if the jointless method is decided upon, the question arises 
whether we shall adopt a radial half-turn loop (Fig. 312), an oblique 
half-turn (Fig. 313), or a cross between these two (Fig. 314). The 
radial half-tum loop requires that the copper should be bent over 
a very small radius, as Fig. 312 : thus thickening up the copper at 
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Fio. 312.— Radial Half-turn Loop. 





Fig. 313. —Oblique Loop. 





Fig. 314.— Composite Loop. 

this point, and adding difficulties to the insulating methods ; and 
the copper is apt to be weakened mechanically. The oblique half- 
turn loop, on the other hand, possesses the advantage of being 
more easily bent over a much larger radius, as Fig. 313, without 
danger of cracking the copper during the bending process ; further, 
it reduces the weight, therefore the length, of copper required, affords 
better ventilation for the windings, and facilitates the insulating pro- 
cess. But, still better, the cross between the radial half -turn and the 
oblique half-turn (Fig. 314) gives greater space between the top 
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and bottom bars, and in some cases will not require supporting 

flanges underneath the overhanging windings at the ends. In 

all three methods the copper is first 

cut in lengths, and, if there is more 

than one bar in. a slot, these bars are 

all bent together at one operation, the 

back end loop being bent first. Then 

the copper is annealed at this point, 

and the bars are shaped on the former, 

after which the bars are marked in 

consecutive order so that when these 

bars are insulated they may be re- 
assembled in bundles corresponding to 

the way in which they were bent. 
The bars may then be washed in a 

bath of benzine, and dipped in an in- 
sulating varnish thinned down to about 

8 3 specific gravity. These bars are 

then placed in a baking oven and well 

baked. The object of this coating of 

varnish is to protect the copper from 

verdigris, as well as to give it a good 

insulating film. Naturally the copper 

edges must be well rounded, in order to 

obtain the best results, before they are coated with the varnish. 

The bars are then ready to be insulated. 

Frequently the practice is adopted of taping the ends, leaving 
the slot portion bare, as in Fig. 315. 
The slot portion may then be insulated 
by a strip of mica cloth or mica paper, 
cut as wide as the slot portion is long, 
and interwoven so that one layer of 
this insulating material separates the 
bars, as in Fig. 316.^ The surplus end 
of the insulation is then wrapped 
around the assembled bars, making 
two or more layers, according to the 
voltage of the machine and insulating 

space available in the armature slot. A layer of tape is then 

put on top of this insulation, and the completed bars are dipj^d 
^ The thickness of the vertical insulation between the conductors is 

exaggerated in Fig. 316. f^r^oir> 
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315.— Coil with End Parts 
only Taped up. 




Fio. 316.— Insolation of Gronp 
of Bare Gondnctors. 
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in an insulating varnish and oven-dried. The bars are now 
ready to be placed in the armature slots. 
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Fig. 317 illustrates the process of evolution in the construction 
and insulating of a strip-wound coil. The extreme left-hand coil 
shows the copper strip immediately after leaving the foriner^..^ 
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The second coil has its end parts taped up as has been indi- 
cated in Fig. 315, and in the third view the end portions have 
been varnished. The fourth view shows a single turn with the 
insulation being applied to the slot portions of the conductors. 
The right-hand side of the turn is taped up over the layer of 
insulation. The fifth coil shows the double taping on the slot 
portions of the conductors, and in the sixth coil the whole is 
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Fio. 319. —Equaliser Ring Constraction devised by Hobart in 1901. 



shown varnished. The coil is now, after being oven-dried, ready 
for assembling in place on the armature. 

Fig. 318 shows a miscellaneous group of strip- and wire-wound 
coils. There are three complete lap-coils with radial loops at the 
ends. On the extreme right is a smaller coil with an oblique loop 
of the type described on p. 266. 

In the front are to be seen several half-turns for lap- 
windings having joints at both back and front ends ; the piece 
-in the centre is a finished set of equaliser rings and tappings to 
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the armature windings. This method of binding up the equaliser 
rings into a solid group yields a compact job, and the arrange- 
ment will be more clear from the sectional sketch in Fig. 319, 
which was prepared in 1901 according to the directions of H. M. 
Hobart, to whom the arrangement is due. 

Fig. 320 shows a large armature, designed by one of the authors 
in 1901, with the equalisers done up in this way. The method 




Fig. 320. — Large Armature, showing Equaliser Ring Construction 
(Union Electric Co. of Berlin). 

employed by the General Electric Company (U.S.A.) is illustrated 
in Fig. 321. In this method the rings are spaced from each other 
and from the armature body by grooved wooden blocks placed at 
intervals around the armature. 

It has occurred to the writers that the most useful way to deal 
further with the matter will be to describe the forms and accessory 
tools which should be provided for dealing in an up-to-date manner 
with the requirements of certain concrete cases. 

Let us begin with the case of a strip-wound, 6-pole, 250 
k.w., 320 r.p.m., 550-volt railway generator, whose slot cross- 
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section is shown in Fig. 322. There are eight conductors 
per slot, and each conductor measures 12 '0 mm. x 2*5 mm. A 
developed plan of a portion of the winding is given in Fig. 323. 
The first question to be decided is whether we shall have 
a joint at the back end, or whether we shall have a con- 
tinuous strip for the complete turn, thus having only joints 
at the front end. The arguments in favour of joints at 
both ends are based on the fact that windings are more fre- 
quently found defective on those parts nearest the surface; 
moisture condensation and transportation difficulties are some- 
times responsible for this. Then, again, if the windings are in 
halves, the bottom layers may be securely fastened down on to 
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Fig. 322.— Section of Slot of 250 k.w. 550- volt Generator. 



the end-supporting flanges before tlie upper portions of the coils 
are put in place. This argument is perfectly sound in the case 
of turbo -generator armatures, and in high-speed machines in 
general. 

The arguments in favour of jointless windings are based 
on the saving in time and money, and the avoidance of pos- 
sible poor soldering in the joints and of scattered drops of 
^solder in the windings. Jointless windings may save as much 
as ^20 per cent, in time of making and assembling coils on the 
armature, and the absence of joints gives a greater security 
from breakdown. 

This latter is the preferable plan in the present instance. By 
scaling off from the drawing, we find that the total length of 
one turn from beginning to end is 230 cms. The armature has 
altogether 600 turns; hence we must first cut up 600 strips of 
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copper with a length of 230 cms., and measuring in section 120 
mm. X 2*5 mm. The weight of copper required may be calculated 
from the section of the conductor and length of the turn. The 
cross-section is 1*2 x 0*25 = 0*3 sq. cms. , and the mean length of 
one turn is 230 cms. The weight of a cubic centimeter of copper 




Fig. 323. Developed View of Winding of 250 k. w. Generator. 



is 8-9 grams, and hence the weight of one turn is 



230 X 0-3 X 8-9 



1000 

0*615 kgs. As there are 600 turns the total weight of strip 
copper required is 630x0*615 = 387 kgs., or about 0*4 ton. The 
copper constituting this strip must be specified to have its edges 
well rounded. The principle of the machine by means of which 
the bend at th6 back end is effected, is that of the tool shown in 
Fig. 324. 
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large machine actually employed for such work is shown in 

Fig. 325. After bending, 
the strip has the form 
indicated in Fig. 326. 
A bundle of four such 
strips (consisting of the 
four conductors which go 
to make up the half con- 
tents of a slot) are next 
placed on a form of the 
type shown in Fig. 327, 
and by the means there 
indicated- are bent into 
the required shape. 

This form consists of 
a base with its upper 
surface curved to the 
radius of the armature 
at the bottom of the 
slots. From the surface 
project ribs (shown 
screwed on) which form 
a contour of the shape 
which the coil is required 
to have. The two sides of 
the strip are first opened 
apart at an angle and 
placed on the form at the 
front end, and secured by 
the screw shown in the 
lower view. 

Commencing now 
with the right-hand side 
of the strip, it ia bent to 
shape on the surface of 
the form following the 
contour of the projecting 
ribs, and securely clamped 
on to them from point to 
point by the clamps 
marked A. 

These clampg^axe of 

Digitized by 




WINDING OF GONTINUOUS^GURRENT ARMATURES 275 



an ingenious nature, enabling the strip to be clamped quickly ; an 
end view of the clamp is shown in the centre of the upper view. 
The hand-piece is fixed to a spindle, the body of which is eccentric 




Fio. 825. — Large Strip-bending Machine. 

to the bearing parts, so that when the handle is pressed down by 
hand in the position shown in the view at the centre of Fig. 327, 
the clamping piece is drawn back a little and just grips the strip 
clamping it to the side of the ribs. 
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Fio. 326. — Strip after Bending. 

When the one side of the strip has been bent round the form, 
the end is brought out straight by bending it round a pin, which 
is inserted in a hole in the form. 

The other side of the coil is shaped in an exactly similar way, 
the pin being used for both sides, and chained to the form to 
prevent it getting lost. 

The coils so shaped are taped in the manner outlined already 
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Fig. 327.— Form for Strip Coils. 
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in this chapter, and on p, 251 of Chapter X. Two typical taping 
machines are illustrated in Figs. 328 and 329.^ 




Fig. 828.— Coil Taping Machine. 




Fig. 329.— Coil Taping Machine. 

1 A number of alternative designs for taping machiaes are described in 
CHiap. xix. of The Insulation of Electric Machines, Turner and Hobart 
(Whittaker & Co., 1905). 
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Before applying this tape, it must be dried in a vacuum oven 
for a numl)er of hours, and must not be taken from the oven 
until immediately prior to use. The taped conductors are next 
thoroughly dried in a vacuum oven,^ and are afterwards subjected 
to one or more dippings in some suitable impregnating varnish,^ 
each dipping being followed by vacuum oven-drying. 

The conductors are again made up into groups of four, and are 
covered first with wrappings of empire cloth and afterwards with 
another serving of cambric tape, wound on with the machine 
already shown in Fig. 328 or Fig. 329. This outer serving of tape 
is mainly for the purpose of giving stability to the completed coil, 
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Fig. 330.— Section of Slot of 10 h.p. 500-volt Motor. 



which is again subjected to the dipping and drying process, and 
is then sent to the stores pending its being requisitioned for 
assembling on the armature. 

Let us next consider the case of a 4-pole 10-h.p. motor for 500 
volts and 950 r.p.m. A cross-section through the slot of this 
machine is given in Fig. 330.^ End and plan views of the winding' 
are given in Fig. 331. The windings as arranged in place on the 

1 A number of types of vacuum ovens are described in Chap. xx. of Tkt 
Insulation of Electric Machines, 

2 The subject of insulating varnishes is fully discussed in Chap. viii. of 
The Insulation of Electric Machines. 

3 The thickness of the vertical insulation between the coils of wire is 
exaggerated in Fig. 330. 
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armature core will be understood from the section through the 
armature core, shown in Fig. 332. A standard motor of this 
rating will be made in large quantities, and the first cost of the 




Fig. 331.— Armature Coil of 10 h.p. Motor. 



manufacturing appliances is of less consequence, provided this 
leads to a decreased labour cost and a thoroughly satisfactory 
result as regards quality of the product. 

There are several ways of constructing a winding form for this 
case. The first method we shall describe shows in detail at the 
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various stages the process which has already been referred to 
on p. 262 and Fig. 303. 

Triple-coil Winding Forms. 

I. The windings in the present case, as in many classes of 
tramway armature, consist of three separate coils, which in 
most cases are wound singly, and afterwards assembled together 
during the insulating process. These coils, being all wound on 
the same form, require a fair amount of skill and care in 
assembling the component parts so that they fit well together. 
In order to avoid these difficulties, and to cheapen the labour 




Fig. 332. — Section through Armature of 10 h.p. Motor. 



costs, it is desirable to wind these three coils simultaneously, 
and Figs. 333 to 339 illustrate a practical way devised by H. 
W. Turner in 1897. 

Fig. 333 shows the winding form attached to the head of the 
winding lathe, with the three wires attached ready for winding. 
The reel of wire is seen on the left, and the method of tensioning 
is shown — the wire being clamped between two blocks, and the 
tension adjusted by the tightness of the clamping bolts. 

Fig. 334 shows the form in a position after the first turn 
has been made, and the method of applying the V-shaped coil 
separator in the slot portion of the coil. This will be seen as the 
strip of insulation embracing the middle wire of the three, and 
thus insulating the middle layer from the outers. 
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Fig. 335 shows the method of making the wire lie fast and 
straight in the slot, by means of a wooden wedge, after which the 
wood buttons are turned over to retain the wires firmly in place 
during the subsequent operations. 

Fig. 336 shows the wires being cut to the required length after 
the coils are wound complete on the form. 

Fig. 337 shows the first forming operation ; the pieces which 
held the ends of the coils are removed, and the ends are being 
given a quarter twist by hand. 




Fig. 334. — First Turn and Insertion of Insulation. 



Fig. 338 shows the coil being spread, that is, stretched out to 
the right width to cover the correct pitch of the armature slots. 
It will be noted that the end twists are still held during this 
operation to prevent them from being deformed. 

Fig. 339 shows the finished coil being removed from the form. 
Lead or soft iron clips are put on the coil at intervals to retain 
its shape until the taping process, during which they are removed. 

II. A second way is to wind the coil over two pins in the 
manner shown in Fig. 340. After the coil is wound, and the wires 
held fast together with metal clips (thin strips of lead, tin, or 
iron), the coil is dried in an oven, and then dipped while hot in 
an insulating varnish and oven-baked until dry. 
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The slot portion of the coil is then insulated one section from 
another by interlooping a strip of treated linen, as is shown in the 
cross-section of the slot in Fig. 330. This strip is cut so long that 
it may be wound around the complete bundle at least 2\ times. 
The parts of the coils outside of the slot portion are now covered 
by one layer of tape. The coil is now ready to be spread to its 
proper shape, and for this purpose a dummy wooden model of the 
armature core is employed of the type already shown in Fig. 302, 




Fig. 335.— Wedging Coil in Slot 



having one slot into which the bottom half of the coil is inserted. 
The coil is then spread by placing a slotted wooden piece over 
upper portion of coil, and sliding this piece with its part of the 
coil over the core periphery until the desired shape is attained 
and the coil has the correct pitch. 

The coils are now ready to be placed in the armature core slots 
directly after the treated presspahn, fuller-board, or other similar 
materials used for slot linings, are in position. The completed 
armature should be placed in a baking oven and thoroughly dried, 
after which it should be plunged while hot into a bath of in- 
sulating varnish and afterwards oven-dried. 

TIT. A third way of winding these coils is to wind each com- j 
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Fio. 336. — Cutting of! Wire after Completing Winding. 




Fig. 337.— Forming Twist at Ends. 
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Fig. 338.— Spreading. 




Fio. 339.— Removing from Form. 
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ponent coil of the triple coil separately upon a fibre-lined wooden 
form. These separate coils are afterwards assembled together to 
form the triple coil during the insulating operation. This winding 
form has the exact contour of the finished coil, and is fastened to 
a lathe head : the wire being wound directly off the reel on to this 
form, the shape of the coil being preserved up to the time of its 
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Fig. 340. —Winding Triple Coil. 

being assembled together with the other two by means of metal 
clips, as previously described. 

Fig. 341 shows the arrangement of the form, which consists of 
a wooden block made in two halves. 

A type of metal form suitable for this class of coil is shown in 




Fio. 341. — Winding Block for Wire Coils. 

Fig. 342. This form is designed to produce factory coils ensuring 
an absolute fit the one into the other ; it is made of special light 
and non-corrosive tough metal. The outer half can be released 
and the coil removed without the use of nuts or wrenches, which 
renders it quick in operation. For winding, the form is mounted 
simply on a winding head. 

Havifig now dealt with the construction of winding forms and 
methods of shaping coils in general, and considered the application 
to two typical cases, we shall proceed to give some photographs of 
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several armatures at different stages during the assembling of 
the finished coils on the armature, and we shall take the different 
types of winding separately and deal briefly with each. 

Preparation of the armature body for receiving the coils : —The 
armature core should be' prepared so that the coils can be readily 
assembled on it with a minimum of damage to the insulation. It 
is usual to run a file over the sharp corners of the teeth at the 
surface of the armature to take off all rough edges wherever the 
coils are likely to touch. Instead of using a file, the corners may 
be ground off with the aid of a small emery wheel. A convenient 




Fig. 342. — Metal Form for Standard Coils (American General Engineering Co.). 

grinder made for this purpose by the Cleveland Armature Works 
is shown in Fig. 343. It consists of a portable emery wheel 
driven by a small electric motor and suspended from the ceiling 
for convenience in handling. Of course such work on the core 
increases the core loss, and is undesirable from that standpoint. 

It is stated that this tool will work about ten times as quickly 
as the time taken by hand or with an ordinary file. 

The next step is insulating the armature body. Fig. 344 shows 
a typical moderate-sized armature insulated and practically ready 
for winding. The insulation for the slots is cut up from the sheet 
into strips to the required width in a guillotine or hand shear, of 
the type shown in Fig. 346. The width of the strips must be 
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sufficient to cover the contour of the inside of the slot, and to 
stand up an amount sufficient to overlap and cover the conductors 
at the mouth of the slot. The gauge-piece .on the shear can be 
set so that all the strips are cut to exactly the same width. 

Fig. 344 shows the slot insulation in place in nearly all the slots. 
The rings which project at each end of the armature spider for 
supporting the end portions of the windings are taped up. In 
small armatures, and in some of moderate size, where the end 




Fio. 343.— Portable Grinder (Cleveland Armature Works). 

supports are made as a solid cylindrical shell, not being cored out 
of skeleton structure as in Fig. 344, they are insulated by binding 
them round with tape circumferentially, as is the case in Fig. 346. 
At the right-hand end of Fig. 344 there is seen a flange studded 
with projecting bolts, to which the commutator bush is bolted. 

Strip-wound Lap Windings. 

Fig. 346 illustrates an armature with about half the coils 
assembled in place in the slots. A few separate coils are shown 
in the foreground. The mounting of this armature for conveni- 
ence in turning round is worth noting : each end of the shaft is 

Digitized by ^OOQ IC! 




Fig. 344.— Armature Insulated and prepared for receiving Coils 
(British Electric Plant Co.). 




Fig. 846. — Hand-shear for cutting Sheet Insulation. /^^^^^T^ 
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Fig. 346.— Assembling Strip-wound Coils (Alioth Co.). 




Fio. 347. —Assembling Strip Coils on Armature (Vickers, Sona& Maxmi). 
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supported on a pair of wheels. Fig. 347 shows a similar armature 
with the commutator in place. The ends of the coils are bent 
up radially ready for attachment to the commutator lugs ; there is 




Fig. 348. —Coil Ends in place ready for Soldering Connections to Commutator 
(Yickers, Sons & Maxim). 




Fig 349. — Finished Strip- wound Armature (Bruce Peebles). 



also visible the sheet of insulation between the upper and lower 
layers of the end windings. 

rig. 348 shows the ends of the coils bent down into the com- 
mutator lugs, and bound round with a piece of wire to hold them 
in place during the soldering of the joints. The joints are sweated 
up by heating the neck of the commutator lug with a small 
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Kio. 350. — Assembling Wire-woimd Coils (Lancashire Dynamo and Motor Co.)- 




Fi(i. 351. — Commutator in place, with Coil Ends ready for Connection 
(Lahmeyer Co. ). 

Digitized by V^OOQ IC 



WINDING OF CONTINUOUS-CURRENT ARMATURES 293 

pointed blast flame and a soldering iron applied at the top of the 
lug, running solder in from the top from a thin stick. 

After soldering and finishing up the joints, which will be done 
by hand, the binding bands are applied over the end windings 
with a layer of sheet insulation in between. The projecting 




Fig. 352.— Armature Coils assembled ready for Commutator 
(Vickers, Sons & Maxim). 



edges of the slot linings are pared off, and binding bands put on 
round the armature core if these are required. After final 
machining of the commutator, the finished armature appears as 
in Fig. 349. 

Wire-wound Coils. 

Having prepared the armature core for receiving the coils, their 
assembling and connecting up is a similar process to assembling 
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strip-wound coils, and the photos which we now give will be 
sufficient to illustrate this without much description. Fig. 350 
shows the armature core with all the coils put on. The six coils 
at the top of the armature not right home are the first coils put 
on, and the upper sides of these are left up out of the slots until 
all the other coils are in place, as the bottom parts of these six 
slots have to be occupied by the lower sides of the last six coils to 
be assembled. When all the coils are assembled, the first coils can 




Fig. 363. — Inserting Slot Wedges (British Electric Plant Co.). 



be put right home. One will note the pieces of linen placed 
between the ends of the adjacent coils, also the insulation between 
the upper and lower layers 

Fig. 351 shows a similar armature; but here the commutator is 
in place, and the lower ends of the coils are in place in the 
commutator lugs. 

In Fig. 352 a larger armature is shown, with all the coils in 
place ready for receiving the commutator and for connecting up. 

Fig. 353 is the armature of a 4-pole machine with all coils in 
place and the commutator ready for sweating the coil ends into 
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Fio. 354. — Connecting Coils to Commutator (Vickers, Sons k Maxim). 




Fig. 355. — Armature with nearly all Coil Ends soldered to Commutator 

(Adolf Unger and A. V. Clayton). ^ j 
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the commutator lugs. At the top of the armature the view shows 
the wedges being inserted for holding the coils into the mouth of 
the slots. 

Fig. 354 is the armature of a 30-h.p. crane motor. Here half 
of the coil ends are brought down to the commutator, and the 
other half bent up out of the way ready for bringing down to the 
commutator. 

Fig. 355 illustrates an armature in a nearly finished condition. 
The lower range of coil ends are all sweated in to the commutator 




Fio. 357.— "Wave- wound Armature with Four Coils in place (Bruce Peebles). 

lugs, and nearly all the upper ends are also sweated in, as will 
be clearly seen. 

After the coils are all assembled and connected up, they are 
trued up by rotating the armature in a lathe and holding a piece 
of chalk against the windings, which marks any coils projecting 
more than the others. These may be hammered into place with a 
fibre mallet, or a wood mallet and fibre wedge. 

Fig. 356 gives a general view of a continuous-current winding 
shop, showing the assembling of form- wound coils. 

Strip-wound Wave Windings. 
We now give a few photos illustrating the stages in assembling 
wave- wound coils on the armature. , ,'r^^\r> 
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Fio. 358.— Assembling Wave-wound Coils (Bnice Peebles). 




Fio. 350.— Wave-wound Armature with Coil Ends bent for connecting to 
Commutator (British Electric Plant Co.). 
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Fig. 357 shows four coils in place on a large armature, from 
which the shape of the coil element is clear. 

Fig. 358 shows a similar armature with the greater number of 




Fig. 360. — Finished Wave-wound Armature. 

che coils assembled. In Fig. 359 we have all the coils in place, and 
the ends bent round and brought into the commutator lugs. 

Fig. 360 illustrates a finished armature with a strip wave 
winding. 



Digitized by 



Google 



CHAPTER XII 

THB WINDING OF ALTERNATING-CURRBNT ARMATURES 

In treating the subject of the winding of alternating-current 
armatures it will be convenient if we take them under the types 
as classified in Chap. IX., dealing with alternating-current armature 
winding diagrams. 

In that chapter we gave a number of photographs of the various 
types of winding side by side with their winding diagrams, and 
from these a good deal may be learnt respecting the construction 
and the finished appearance of the windings. In the present 
chapter we shall consider the methods of carrying out the various 
windings. 

In Chap. IX. we classified the alternating-current windings 
under six headings : — 

A. Spiral coil. 

B. Lap coil. 

C. Wave. 

D. Retrogressive wave. 

E. Skew coil, 

F. Short coil. 

The difference between these types is seen on reference back to 
Fig. 236. 

A. Spiral-Coil Windings. — Spiral coils may be either hand- 
wound or form-wound, generally according as the slots are totally 
or semi-closed, or wide open. 

The question is also affected by whether the coil is a single, 
double, or triple coil (see Fig. 237), as a triple coil, if form-wound, 
would require three different sized forms, and a quadruple coil four 
forms, and so on. For this reason if the coil is more than a double 
coil, it will usually be hand wound. 

Hand Winding. — We shall consider first wire windings by hand, 
and then strip windings. 
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The common method of wire winding with semi-closed or 
tunnel slots may be designated " pin-winding." In this method 
the slots are filled with a number of wire pins — of diameter equal 
to the diameter of the covered wire with which the armature is 
being wound, and equal in number to the number of conductors 
required ultimately in the slot. 




Fig. 361.— Wound Stator for Induction Motor. Eight-pole, Three-phase, Half-coiled, 
Triple-coil, Three-slot, Spiral-winding (Scott & Mountain). 



The pins project a few inches out of the slot at each end of the 
armature, and the process of winding consists in pushing each pin 
out of the slot with the end of the wire and so proceeding until all 
the pins have been extracted, and the slot is filled with the wire 
conductors. 

It may be well to take a concrete example, and for this let us 
consider an 8-pole 3-phase stator having 72 slots and 8 conductors 
per slot, the coils to be laid up in two ranges. We have seen on 
p. 191 that a 2-range 3-phase winding must be half coiled ; to}PAp 
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the number of coils per phase is half the number of poles, ix, 

o 

^ = 4 coils per phase, and 4x3 = 12 coils in all. The number of 

72 
slots per pole per phase is = 3 ; or 9 slots per pole. 

From Table XIV., p. 203, we see that a half-coiled winding having 
3 slots per pole per phase has triple coils ; or, from Table XV., a 




Fig. 362.— Winding Block for Hand Winding. 

3-phase half-coiled winding having 9 slots per pole has triple coils. 
Hence the coil must cover 3 slots on either side, as it is a triple 
coil (see definition on p. 198). 

A view of a stator with a winding corresponding to the above 
conditions is given in Fig. 361, and with such an armature we are 
now dealing. 

The winding diagram for this armature is given in Fig, 244 on 
p. 207. Taking coil No. 1, we have to wind from slot No. 10 to 
slot No. 3, then taking in slots Nos. 11, 2, 12, and 1 in order. 
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The ends of the coils are formed over a wooden block, which is 
shaped and mounted on the job in the manner shown in Figs. 362 
and 363. 

A slab of fibre between the winding block and the core end 
flange distances the coil from the end flange. The block for this 
case should just cover 6 slots which are left open for the front 
range coils. 

The back range coils are wound first. 




Fig. 363. — Arrangement of Winding Blocks for Hand Winding. 



The slot insulation is inserted, in the case of semi-closed 
slots or tunnels, by pushing the tubes in from the end of 
the core. 

Slots Nos. 1 and 3 are now filled with 8 pins each, as there are 
to be 8 conductors per slot. 

Let us suppose, for instance, that the winding is to be done 
with S.W.G. 11 : the diameter of S.W.G. 11, bare, is 295 mm. ; and 
double cotton covered, 3*20 mm. The pin should be of diameter 
3*20, and the nearest standard wire to this is S.W.G. 10. 
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A length of wire is cut off the reel sufl&cient to wind one coil ; 
the length may be arrived at from the number of turn^ and the 
mean length of turn. The pins are then displaced in the order 
indicated in Fig. 364, commencing with No. 1. The whole length 
of wire runs through the slot each time a pin is displaced. 

When slots Nos. 10 and 3 have been filled, the job appears as 
in Fig. 365. The pins are now put into slots 11 and 2, and when 
these are finished the state of affairs is as in Fig. 366. 




/. t. 3 



f. *. 7. / f. /* //. /Z. 



Fio. 364, — Arrangement of Pins in Slots, showing Order of Winding. 




Fig. 365.— Slots 3 and 10 Wound. 



Slots 12 and 1 are next taken in, and when these are finished 
and the blocks cleared away the coil appears as in Fig. 367, and the 
ends are marked S and T in accordance with the convention of 
Chap. IX. One may see how the actual shape and form of the 
winding of this coil corresponds to the diagram of the type in 
Fig. 207. 

The stator will now be moved through an angle of 60° so that 
the block may be set up in a vertical position ready for winding 
the next adjacent coil in the back range. The stator is repeatedly 
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turned in this way until the whole of the six coils in the back 
range have been wound, after which they may be taped up and 
varnished, giving the appearance shown in Fig. 368. One range 
of coils is now completed and the block is set up for the first coil 
of the second range. 

The second range may be bent up after leaving the slots in a 
plane parallel to the first range, as in Fig. 230, d, or the ends of 
the coils may project out cylindrically ns in Fig. 230, c, Chap. IX. 




Fig. 366.— Slots 3 and 10, 2 and 11 Wound. 
I 




Fig. 367.— Slots 3 and 10, 2 and 11, 1 and 2 Wound. 

Taking first the case where the coils are bent up parallel, and the 
block is rigged up in the manner of Fig. 369, the front range of 
coils is wound and finished in exactly the same way as the 
previous range. The phases are next connected up according to 
the diagram in Fig. 247. 

The connections between the coils of each phase may be made 
to lie against the core end flange, above the ends of the coils. If 
the winding is a 3-range winding, the winding blocks are packed 
out still further for the third range, which is then laid up in front 
of the other two ranges and wound in precisely the same way, , 
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In winding by this method, care should be taken that the end 
of the wire which pushes the pins out of the slot is well rounded 
with a file, since, if left rough, it will damage the insulation of the 
wires already in the slot. 

In the case we have considered, the ranges are both bent back 
as in Fig. 230, d. If the second range is to project straight out, as 
is actually the case in the stator shown in Fig. 361, the coils may 
be wound over a block shaped in the manner indicated by Fig. 370, 
from which the method of winding -will be apparent. Fig. 371 
shows a coil in process of winding over a block of this form. 




Fig. 371.-- Hand Winding of Alternator Coils (Alioth Co.). 



The straight coils may often be wound without the aid of a 
block, by shaping them simply by hand. This is easier if there 
are few conductors per slot, and the conductor is a fairly big wire 
which will remain in the shape to which it is bent by hand. 

Fig. 372 illustrates the winding of a 3-phase, whole-coiled, 
double-coil winding in three ranges. The photo shows two ranges 
completed, and the first coil of the third range in process of winding. 
The winding is a whole-coiled winding with 6 coils per phase, and 
hence 6-pole, and 18 coils in all. 

Table XIV. on p. 203 shows that the number of slots per pole per 
phase must be 4, and hence the total number of slots K^Xf|j< 6 = 



WINDING OF ALTERNATING-CURRENT ARMATURES 309 

72. The method of supporting the winding block is rather different 
from the methods described above. 

The methods in Fig. 371 and Fig. 372 are more convenient 
for large armatures, whereas the previous methods apply to small 
armatures and induction motor stators. The pins projecting 
from the slots being wound can be seen, in Fig. 372. 




Fig. 372. — Winding Three-phase, Whole-coiled, Double-coil Winding in 
Three Ranges (Two Ranges completed)— (Bruce Peebles). 



On p. 192 and Fig. 231 there was given an example of a 2-range 
winding with an odd number of coils, which necessitated a bent coil. 
Such a coil may be shaped by hand ; but this is rather difficult, 
and a block suitable for winding the coil is outlined in Fig. 373. 
The bend is formed round a projection on the winding block. In 
carrying out the winding, all the back range coils are wound first 
and then the bent coil, and lastly the front range of coils. Thus 
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in Fig. 373, coils d, a, are wound first, and then all the back range 
coils ; next the bent coil c ; and lastly e, h, and the rest of the front 
range. 

When the method of hand wire-winding is applied to rotating 
armatures or wound rotors for induction motors, the coils cannot 





i_ M-J L-U i-M^J-t^ 



Fio. 373.— Block for shaping Bent Coil. 



/ 



be shaped over a block, and the shaping has to be done by hand. 
The ranges are laid out in the same way as above. A finished 
rotor of this type is shown in Fig. 374, which is 4-pole, 3-pha8e, 
half-coiled, triple-coil, 3-slot, spiral winding in two ranges. 

Figs. 375 and 376 illustrate a similar rotor at two stages 
during the winding. The coils in these cases need to be secured 
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Fig. 374. — Wound Rotor for Induction Motor (British Thomson Houston Co.). 




Fig. 376. —Induction Motor Rotor Winding 
with the Back Range of Coils in place 
(Adolf linger, A. V. Clayton). 



Fig. 376.— Rotor Winding with both 
Ranges Wound (Adolf Unger, 
A. V. Clayton). 
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against centrifugal force, and in the rotor shown in Fig. 374 this 
is effected by binding them on to an iron ring with cord or tape 
in the manner of Fig. 377. 

Another method is to embrace the coils with straps of sheet 
metal bolted together through the inside of the rotor, or screwed on 
to the rotor end flanges in the way shown in Fig. 378. 

The second method of wind- 
ing with wire in semi-closed slots 
consists in slipping the wires one 
at a time through the mouth of 
the slot, as in Figs. 379 and 380. 
The slot opening must be suflBci- 
ently wide to admit the covered 
wire without damaging the insula- 
tion, which is closed over as in 
Fig. 381. 

When the wire is small, the 
end portions of the coils when 
wound in this way are not 
^^* "RotorCoUs. ^®^""°^ usually formed over a block; but 

the wire is fed direct off a shuttle 
into the slot, and the coils shaped by hand. 

This method also adapts itself to form winding, as the coils may 
be wound on formers ; and if they are not taped or bound up, the 
wires can be slipped into the slot one at a time and the end parts 
of the coils assembled into shape when the slot is filled with wires. 
Messrs Siemens Bros, have taken out a patent (No. 2196 
of 1903) on this method, of which Figs. 382 and 383 show the 
principle. Here the coil is first wound on a former, and one 
side bound round temporarily with a piece of tape or a clip of lead 
to keep the coil intact, while the conductors on the other side are 
being slipped into the slots as in Fig. 383. Windings of this sort 
have, however, been extensively used years ago. 

A patent was taken out by W. B. Sayers in 1904 (No. 12,801), 
by which form-wound coils may be employed with semi-closed 
slots, the substance of which is illustrated in Fig. 384. As shown, 
alternate teeth, 1, are made detachable from the body of the 
armature core, with which the other alternate teeth, 3, are made 
in one piece. The detachable teeth are retained to the core in 
channels 4. Fig. 384 shows one method of securing these teeth, 
the stampings on each side of the ventilating duct, 10, being spaced 
by brass plates, 11, 13, and with distance pieces, 14, between them. 
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To facilitate insertion each tooth stamping may be slightly bent 



along its axis and 
flattened when pressed 
into position. The 
coils may thus be form- 
wound and assembled 
on the armature be- 
fore the detachable 
teeth are inserted. 

Fig. 385 and 386 
give general views of 
thealternating-current 
winding shop of Messrs 
Lahmeyer's works. 

All the stationary 
armatures visible in 
this illustration are 
being hand wound, 
and shaped by hand 
with the aid of mallets 
and winding wedges. 
It will be noted that 
the coils in process of 
winding are in each 
case at the bottom 
part of the armature. 
This is the most con- 
venient position for 
hand winding without 
a block ; but when the 
coils are wound over a 
block, it is most con- 
venient to wind them 
at the top of the arma- 
ture, as in Fig. 372 

Fig. 385 also shows 
the common types of 
reels in use for hold- 
ing the coils of wire 
during winding. 

Strip-wound Coils. — When the conductor 
strip the coils may be wound by hand, either 



4 





consists of a braided 
over a windi: 
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Fig. 379. Fig. 380. Fig. 381. 

Hand Winding by slipping Conductors through Slot Mouths. 





Fig. 382.— Siemens' Fonnwound Coil for Hand Assembling in Slots. 




Fig. 383. — Assembling Form-wound Coil in Semi-closed Slot 
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Fig. 384.— Sayers' Winding for Form-wound Coils and Semi-closed Slots. 
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Fig. 387. —Winding 1000 k.w. Four- pole Turbo Alternator (Bruce Peebles) 




Fig. 388.— Armature of 1000 k.w. Alternator (Bruce Peebles)iydOOQlC 
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or shaped by hand in the same way as wire windings, except that 
pins would not be employed. 

Fig. 387 shows a 1000-k.w. turbo-alternator armature being 
wound. The winding is a 4-pole, 3-phase, half-coiled, quintuple- 
coil spiral winding in two ranges. 

By extending Table XIV. on p. 203, we find this winding to 
have 5 slots per pole per phase, which will be seen from Fig. 387 
to be the number of slots covered by one side of one coil. 

The total number of slots is thus 

5x3x4 = 60. 

There are 2 coils per phase and 3 in each range, making 6 coils 
in all. The slot contains 6 conductors wound flat, one above the 
other. 

The winding block is similar to that used in the previous cases, 




Fig. 389.— Winding Strip Coil. 

but, instead of the pins used in wire windings^ the conductor is held 
in a slot after threading it through by means of a wedge of fibre or 
wood in the manner of Fig. 389. This wedge is withdrawn from 
the slot each time a conductor is threaded through, and inserted 
after each conductor is in place until the slot is filled. 

Fig. 388 shows the finished armature. 

Fig. 390 shows an instance of strip-wound coils with the strip on 
edge in the slots. The coils are shaped by hand, and bent back with 
a mallet against a wooden backing which will be seen at the front 
end of the armature core, and which is withdrawn when the coil 
is finished. It is not easy to hand-wind strip on edge in this 
manner if the strip is very wide, owing to the diflSculty in bending 
it on edge at the ends. If the coils are straight and not bent 
back, the difficulty is eliminated ; but with a 2-range (or 3-range) 
winding one range at least must have its coils bent back. 

A view of a finished armature, with coils wound with strip on 
edge in the slots, is given in Fig. 391. ^ 
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The winding is a 20-pole, 3-phase, half-coiled, quadruple-coil, 
spiral winding in 2 ranges. For a half-coiled winding the number 

of coils per phase will be —=10 per phase, or 10 x 3 = 30 coils in 

30 
all — i.e. — = 15 coils in each range. 




Fig. 390. — AVinding Armature with Strip on Edge (Mavor & Coulsoii). 

Table XIV., p. 203, gives us 4 slots per pole per phase, and 
hence the total number of slots is 4 x 3 x 20 = 240 slots. 

For example of finished 3-range windings we may refer back 
to Figs. 253 and 257 in Chap. IX. 

Form-wound Spiral Coils. — As stated at the beginning of this 
chapter, form-wound coils are not desirable for coils other than 
single coil or double coil at most, owing to the number of formers 
required. 

Where the conductors are wire or fairly small strip (with 
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several per slot), the coils are formed on a simple bobbin block 
similar to the bobbins used for rectangular field coils. 

Figs. 392 and 393 illustrate suitable formers for straight and 
bent coils. 

With form-wound coils wide-open slots are necessary, and the 
question of open v. semi-closed or tunnel slots is not simply 
dependent on the first cost of winding. 




Fig. 391— Strip- wouud Armature (Bruce Peebles). 



So far as first cost goes, the form-wound coil is undoubtedly 
considerably cheaper, but hand winding possesses superiority in 
other respects. Prominent among these is the matter of slot 
insulation. With open slots and form-wound coils the slot 
insulation must take one of the forms shown in Figs. 394 to 397- 
Each of these has the drawback that the insulating tube has a 
joint in it, and at this point the insulation is weak. 

This is of. considerable importance in high -voltage machines, 
but with low-voltage machines having one or two conductors per 
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Fig. 392. — Form for Straight Coils. 
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Fig. 393.— Form for Bent up Coils. 
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slot, it is not serious. These latter, however, are usually carried 
out as bar windings, and, with such, eemi-elosed or tunnel slots 
can be used without disadvantage. 

A better alternative is Fig. 397 ; but here the double thickness 
of insulation at the mouth of the slot results in a considerable 
loss of space, and low space factor in the slot. 

With hand windings the slot lining may consist of a seamless 
tube of insulation moulded and pressed into one piece, which 
renders it equally reliable at all points. 

A further point in connection with Figs. 395, 396, and 397 is 
that the insulating tubes have to be opened out to admit the coils, 
which subjects the insulation to mechanical strain at the corners 
and weakens it. 







Fig. 394. 



Fio. 895. Fig. 396. 

Methods of Slot Insulating. 



Fig. 397. 



One advantage of form - wound coils is that they may be 
wound, packed, and transported separately, and not assembled on 
the armature until the machine is erected on site, which is more 
safe than transporting a large wound armature. ' 

Also, on the question of repairs on site, it is generally easier 
to replace a form-wound coil. To wind a coil on site by hand is, 
however, not a long nor difficult process. The hand-wound machine 
with closed or semi-closed slots gives a more even wave shape than 
the open slots, but the inductance of the winding is rather greater. 

B. Lajp'coil Windings, — When the conductor is wire or small 
strip, the coils will be very similar to certain coils of continuous- 
current armatures. Examples of these types of windings may be 
seen in Chap. XI. The style of coil and winding form will be very 
similar to those described in that chapter. 

When there is only one conductor per slot (or at most two) the 
winding will be carried out as a bar winding, and the process will 
be precisely the same as for bar-wound wave windings except that 
the coils are lap instead of wave connected. 
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We shall deal with bar windings under the heading of wave 
windings, as such are most frequently wave windings. 

C. Wave Windings, Bar Windings. — The first bar winding 
we consider may consist of straight bars with V-end connectors at 
each end. 




Fig. 398. — Portion of Armature Core and Bar Winding of 
Westingbouse Alternator. 



Fig. 398 shows a portion of a finished armature wound on this 
plan. 

The first operation will be to cut up the bars to the correct 
length. In this case the gross core length of the armature is 63 
cms., and allowing 20 cms. overhang at one end and 10 cms." at the 
other, the totaPlength of the bar must be 93 cms. After cutting 
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up to this length the ends are filed up smooth or ground on a 
rough emery wheel, and then the bars are taped up, leaving the 
ends bare for the joints. 

The bars are then inserted in the slots hj pushing them in 
from the end of the armature, each successive group of four pro- 
jecting further from the slots alternately, as seen in Fig. 398. 



Fio. 899. 





Fio. 400. .Fio. 401. 

Formation of Y-odcI Connectors. 



The end connectors are made from copper strip, which is first 
bent round to the shape of Fig. 399 in any of the strip-bending 
presses described in Chap. XI., p. 274. 

An alternative is to take a broad sheet of copper and split it 
nearly to the end, as in Fig. 400. 



C 



1 



T 



J 



1 



Fig. 402.— Element of Bar Winding. 

The result of either Fig. 399 or 400 is then spread out to the V 
shape, and the ends bent up straight as in Fig. 401. The V con- 
nectors thus formed are taped up except at the ends. (In very 
low voltage machines the taping might be dispensed with and the 
connectors simply varnished.) 

The bars are now connected up successively according to the 
winding diagram. An element of this wave winding so connected 
is shown diagrammatically in Fig. 402. -^ 
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The joints between the bars and connectors may now be made. 
This may be done in a number of efficient ways :-^ 

If the connectors are of thin strip which is fairly flexible, their 
ends may be wrapped once round the bar and the joint sweated 
up. If the bars and connectors are very heavy, the joints are 
sometimes secured with screws or rivets and afterwards soldered. 
Fig. 403 gives a number of alternate methods of making a 
suitable joint. 

The above method requires two joints for every conductor, 
but the number of joints may be halved by shaping the bar as in 
Fig. 404, which can still be used with closed or half-closed slots. 

If the slots are wide open, the number of joints may be halved 
by shaping the bars as in Fig. 405. Another alternative (which 
has, however, two joints per bar) will be seen in Fig. 270, 
Chap. IX. Fig. 406 is a photograph showing in detail the 





Fio. 403. — Methods of jointing Bars and Connector& 



terminals of a bar wound alternator of which the winding has 
already been referred to in Fig. 243. 

D. Retrogressive Wave Windings, — An inspection of any of the 
winding diagrams in this cljws (see Figs. 273 to 278) will show that 
so far as the shape and connection of the coils are concerned, they 
are identical with ordinary wave windings for continuous-current 
armatures. The top conductors in one slot are connected to the 
bottom conductors in the next slot displaced from it by the wind- 
ing pitch, as in a continuous-current armature. With this identity 
in mind we need only tefer back to the winding of continuous- 
current wave-wound armatures to meet the requirements of 
the present case. One point that should be noted is that with 
this type of winding the top and bottom sets of conductors 
in the slots must be insulated from each other, as high pressures 
exist between them. For this reason the winding is not favour- 
able to very high voltages. This winding is equally adaptable to 
wire or strip windings. ^.^^^^^^ ^^ ^OOglc 
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E. Skeuhcail Windings. — This type is not common, and does not 
require much attention* The shape of the coils will be seen from 
Fig. 234. Such a coil may be wound by hand over a block similar 






^ 



Fio. 404.— Bar Winding with one Joint per Bar. 





Fig. 406. — Bar Winding with one Joint per Bar. 



to any of those already described under hand coil windings (p. 301), 
except that the top of the block must be suitably shaped to give 
the coil its skew shape, which is not a diflBcult matter. 

As we noted on p. 195, there will be some diflBculty in winding 
the last coil, as one part of it is behind tl}g.^.^f^1^^|fmt ona 
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This difficulty is obviated if the coils are form-wound and slipped 
in through the mouth of wide-open slots. 




Fig. 406. — Terminals of Bar-wound Alternator (Lahmeyer Co.). 

F. Short-coil Windings. — The coils in this case are all similar, 
and they may be hand or form wound, according to the type of 
slot, by any of the above described methods. This will also be the 
case with single-phase coil windings. 
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FINISHING AND TESTING 



Banding, — Rotating armatures having open slots are generally 
banded round with a number of turns of steel wire at several 
points along the armature core to secure the coils in the slots 
against centrifugal force. The alternative to this is to close the 
mouth of the slots with a thin wedge of fibre or hard wood, engaging 
in recesses in the sides of the slots. 




Fig. 407. — Armature with Binding Bauds. 



Up to a few years ago, the binding bands were commonly put 
on outside the surface of the armature core and standing up above 
it. If the clearance between the armature and field is small, this 
becomes dangerous with increasing wear of the bearings. The 
bands are now customarily recessed into the core so that they 
appear flush with, or slightly below, the surface, as in Fig. 407. 
Finished armatures banded up will be seen in Figs. 349 and 360 
of Chap. XT. 
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In addition to the bands on the armature core the end windings 
are banded. This is necessary whether the bands on the core are 
replaced by wedges in the slots or not. Fig. 408 illustrates the 
method of applying the end bands. 

The tension may be put on the wire by clamping it 
between two blocks, but the method shown in Fig. 408 is more 
satisfactory, although a crude'arrangement. 

Another way is to take one, two, or three turns of the banding 
wire round a piece of brass or gun-metal barrel, fixed firmly at the 




Fig. 408. — Banding Armature (Westinghouse Co.). 

bed of the banding lathe. The tension should be adjusted with 
considerable care, and the wire should not be of too small gauge. 
The bands must be tight enough to prevent them from being 
displaced sideways. The bands are wound over a layer or two of 
insulation, which should be of sufl&cient thickness to prevent the 
coils sustaining any damage. 

As an example, the Westinghouse No. 12a Eailway motor 
armature has seven bands on it — four on the core, | inch wide, 
and one on each of the end windings and one on the commu- 
tator leads. The bands on the core are insulated by one layer 
of mica and fuller board, and the end windings are BP^t^?^*?^!^ 
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hj one layer of bond paper with two layers of elastic tape. 
The insulation is of such width as to leave ^ inch on each side 
of the bands. 

The banding wire is 0*045 inch diameter medium hard steel, 
tinned. The tensile strength of this wire is about 204 lbs., and 
the tension put on the wire during banding is about 100 lbs. 

After the recess in the core is filled with the banding wire, it 
is soldered up. 

The wires are held by small clips of tinned copper, which are 
applied in the manner of Figs. 409 and 410, being placed usder 
the wire during banding, and closed over as in Fig. 410 when 
all the wire is on. There would be four to six clips for each 
band on armatures up to half a meter diameter, and on larger 
armatures one clip for about every 25 cms. of periphery. The 





Fig. 409. 

Clips for Binding Bands. 

clips are then sweated up, and solder run in all round the wires 
on each band. 

The soldering should be very carefully done, and care should 
be taken that the wire is clean from any grease or oil before 
soldering. 

In larger factories it is customary to provide special lathes 
exclusively for banding. Fig. 411 shows one such machine. 
This runs at about 30 r.p.m. It has a self-contained tension 
and feeding attachment, the latter of which is seen in front 
of the lathe bed. 

Fig. 412 illustrates another machine for this purpose. It will 
take armatures up to 31 J inches diameter and 98 inches length 
of shaft. The machine is electrically driven with a lj-h.p. motion 
in the base of the headstock. 

The headstock spindle has four speeds, 12, 24, 100, and 200 
r.p.m., operated by a single lever. 

The wire feed carriage is traversed bodily by rack and pinion 
from the one binding place to the other, while the tou^i^ guide. 
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on a screwed spindle of a pitch corresponding to the thickness of 
the banding wire, is fed forward by a hand wheel when banding. 
At the back of the lathe the carriage has extension arms with 
a drum for carrying the coils of wire. 




Fig. 411. — Armature Banding Lathe (American General Engineering Co.). 

The motor drives through an intermediate shaft, which is 
instantly thrown in and out by means of a coupling actuated by 
a treadle running under and along the whole length of the bed. 




ssaoec 



Fig. 412.— Armature Banding Lathe (Neville Bros.). 



Balancing. — With ordinary types of armature, balancing for static 
balance is sufl&cient; but with high-speed armatures for turbine 
machines the dynamic balance is very important, and in the latter 
case the armature has to be run and balanced for absolutely steady 
running. The simplest method of adjusting for static balance is 
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knife edges, as roughlj 
indicated in Fig. 413. 
The knife edges must 
be set up absolutely 
level with the aid of a 
spirit-level, and should 
also be parallel. When 
the armature is placed 
on them it will roll 
until the heaviest part 
is at the bottom, and 
balance weights are 
applied at a point 
diametrically opposite 
this. 

A better form of 
balancing table is 
given in Fig. 414. In 
this type, accurately 
ground and polished 
rings are put on the 
armature shaft, mak- 
ing a very sensitive 
bearing, and guarding 
the shaft against any 
damage that might be 
caused if the knife 
edges are rather sharp. 
When the armature 
has taken up a steady 
position (with the 
heaviest part lowest), 
the balance weights 
are applied at the 
lightest part. These 
balance pieces may 
consist of small pieces 
of lead or white metal 
screwed on with one or 
two screws ; or if suit- 
able recesses are left on 



the spider to receive balance weights, the metal may be .cast, m. 
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In accordance with another method, instead of adding weight, 
some of the. metal is taken away at the heaviest part. If the 
spider and end flanges permit of this, a good way is to drill out 
countersinks with the point of a twist drill until the right amount 
of weight has been taken off. This is, of course, not permissible 
if the balance is bad and requires a lot of adjusting. 

. Testing. — When finished, the armature is tested with a pressure 
of at least twice the normal working voltage. For street car 
and railway motors the test pressure is more usually of the order 
of five times the working voltage. ^ 




Fio. 414.— Balancing Table for large Armatures (Westinghouse Co.). 



For high-pressure alternators up to 10,000 volts the test 
pressure is at least double the normal voltage. These testing 
voltages should be applied across the insulation between the 
windings and frame, and between electrically independent windings. 

After the high pressure test the armature insulation may be 
measured with an ohmmeter or testing set for purposes of record. 

Testing of Armatures during Winding, — The above-noted in- 
sulation tests are usually applied to continuous-current armatures 
immediately before connecting up the winding to the commutator 

1 See Insulation of Electric Machines, Chap, xxii., " Specification for In- 
sulation." ^ T 
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as well as to the finished armature. During winding, tests should 
continually be made for short circuits in the winding or faults to 
the frame. 

The most convenient idea for this is the "lamp-test," which 
consists simply of detecting continuity of any circuit by putting 
it in series with a lamp, as outlined in Fig. 415. The lamp is 
fixed where it is visible from the winding bench, and a pair of 
loose wires a and h are accessible to the job. 

To test if there is continuity through a coil (which is im- 




zm 



Fig. 416.— Lamp Test for 
Short Circuits. 



Fig. 416.— Transformer for Testing 
Form -wound Coils. 



portant in the case of small wires which may get broken during 
winding) the ends a and I are put on the terminals S and T of the 
coil, and the lamp will light if the current is not broken. 

To test if the winding has gone to frame by damaged insulation, 
one wire from the lamp circuit {a) is connected to one terminal of 
the winding and the other (&) put on the iron of the armature. If 
there is a fault the lamp will light, and if this is done on each coil 
individually after it is wound, a fault is at once located and the 
damaged coil can be at once rewound. 

Instead of a lamp a bell circuit could be, and often is, used. 

It is desirable with alternating windings to ohmmeter each 
coil after winding. 

Form-wound coils should be tested individually, and a testing 
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transformer suitable for this is shown in Fig. 416. The top half 
of the transformer contains the exciting coil supplied with alter- 
nating current, which induces E.M.F. in the form-wound coil under 
test when in the position shown. 

Location of Faults in Armatures, — A faulty coil in a finished 
armature may be readily detected by placing the armature on a 
transformer such as that shown in Fig. 417, the principle of which 
is the same as the one in Fig. 416. For stator armatures a similar 
tra.n8former is shown in Fig. 418. In this, one will note the 
difference in diameter of the upper and lower surfaces enabling 





Fig. 417.— Testing Transformer for 
Wound Rotating Armatures. 



Fig. 418.— Testing Transformer for 
Wound Stators. 



the transformer to be used for armatures of very different internal 
diameter. 

A method suitable for polyphase motors is the following. 
If there is a fault in the stator winding, replace the rotor by an 
unwound rotor ; then with the phases independent connect one 
phase to the alternating current supply and measure the voltage 
across each coil of the other phase, when the faulty coil will show 
a low reading. This can be done on each phase in succession 
until the faulty coils are located. If the fault is in the rotor 
winding, if coil wound^ a similar test can be made. 
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figs. 43, 44 
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Tvote 13 
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multiple -circuit windings, 
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figs, 108, 109, 112-115 
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114 
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Conmiutators, fig, 128 
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Clamping Rings for Commutators, 109, 
122 ; figs. 108, 109, 112-115 
Material, 128 
Classification of 

Alternating Current Windings, 197 ; 
Plate i±Y, 
Application of Scheme, 204 
Continuous Current Windings, Plate xiv. 
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ChaH% 
Clayton, A. V. , see Unger, Adolf 
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Grinder, 287 ; fig. 288 
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Closed Circuit Windings, see Windings 
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Concentration and Distribution, 172 ; 

figs, 171, 176 
Definition, 167, 197 
Form-wound, 254 
Insulating of, 261 
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Testing of, 335 ; fig. 334 
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Multi— Definition, 172, 198 
Rotor — Methods of securing, 312 ; figs. 
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Types 
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Short, 197 
Skew, 197 

Spiral, 176, 197 ; figs. 171 
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Collector Rings for Alternating Current 
Windings, 166, 179, 182, 
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Commutator Construction, 107 et seq. 
Assembling 

75-h.p.,lll;;?Sr. 112 
750-k.w., Ill \fig. 112 
Building Rings, 109 ; figs, 108, 109, 

112-115 
Clamping Rings, 122 
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326 
for Multiple and Two-Circuit Windings, 

Comparison, 143, 144 
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Current Distribution — Rule for obtaining 

direction of Current, 137 
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Core, 1, 4 
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Drifts for maintaining true alignment, 

85 
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83 
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Stationary Armatures, 91 ; figs, 85-87 
Assembled, ^g'*. 91-94 
Banding of, 329 
Ducts, 74 
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Loss, see Losses 
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Plates and Sheets, see Laminations 
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Ventilating Pieces, 74 et seq, ;figs. 74-79 
Ventilation, 61 ; fig. 67 
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ductors, 248 
Cramp, W., on Armature Windings, 137 
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Direction in Motors and Dynamos, 137 
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circuit Windings, 142 
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Cage Rotor, 100 ; figs, 100, 
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181, 202 
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138 ; fi^s, 139, 144 
Alternating Current Polyphase Wind- 
ings, 212 ; figs. 215, 219, 
221, 223, 224 
Diagrams, Winding, see Windings 
Diamond-shaped Form-wound Coils, 261 
Dick, Kerr & Co. 

Armature Spider, 56 ; fig, 62 
Assembled Armature Core, figs. 89, 90, 

94 
Assembling Armature Core, 82 ; fig, 83 
Castings for Frame Qf Stationary Arma- 
ture, 63 ; figs. 70, 71 
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Dick, Kerr k Ga (ctnUinued)^ 
Evolution of a Strip Coil, 268 
Lai^ fioiflhed Commutator, figs, 120 

Component parts, fig, 121 
Rotor of Alternating Current Generator, 

Ventilating Spacing Piece, fig, 76 
Winding of Alternator, 212, 216 ; fig, 
214 
Die Work, 85 et aeq. 
Eddy-current Loss affected by, 21 
ImiNsrfections, 89 
Inaex v. Compound Dies, 86-88 
Types of Die 

•• Bliss" Double Die, 43 ; fig, 44 
Comjwund, 35-88 ; fig, 44 
Die for slot and periphery, 44 ; fig, 46 
Finger, 43 

French, 43 ; figs, 48, 44 
German, 43 ; figs, 44, 45 
Index. 35-38 
Disc-Cutting Press, see Press 
Disc and Ring Cutting Machine, fig, 38 

See also Shears, (^rcular and Rotary 
Distribution of Windings, see Windings 
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Ducts, Core, 74, 80, 104 
Dynamic Balance, 831 
Dynamo Electric Machine^ 1 
Classification of parts, 6 ; Charts 8 

Eddy Current Loss, see Losses 
Eickmeyer Form-wound Coil, 255 ; fig. 

257 
Electro-magnetic Design, 136 
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in Armature Windings, 137 
Single Coil Winding, 173 
Y and A connected Armatures, 184 
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Sine Waves, 182 
See also Pressure 
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duction Motor Rotor, 105 ; 
fig, 106 
End Rings for 
Commutators 

Clamping, 109, 122 ; figs. 108, 109, 

112-115— Material, 128 
Insulating, 107 — Arrangement, 120, 
121— Thickness, 117 
Squirrel Cage Rotors 

Circular Rotor Bars, fastening End 

Rings, 99-102 
Construction and Securing, 97-105 
Rectangular Rotor Bars, fastening 

End Rings, 103 ; figs, 104 
Resistance, 101, 102 
Screwed End Rings, 103 ; fig, 105 
End Windings, Banding of, 329 
Epstein, Prof. J. 
Ageing, note 10 

Hysteresis Tester, 26 ; figs, 28-30— Test 
Instructions, 27 



Equaliser Rings for Continuous Current 
Armatures, 269, 270 ; fig, 
269 

Ewing Hysteresis Tester, 13 et seq. ; figs, 
IS, 15 
Permanent Magnets, note 21 

FiBHB for separating Clamping Blocks from 

Commutator Segments, 110 
Field, 
Distinction between Stator, Rotor, Ar- 
mature and Field, 2, 4, 6 ; 
Chart, 8 
External Rotating, 7 
Internal 
Rotating, 2, 6 
Stationary, 7 
Windings, 1 
Figure of Loss, Definition, note 10 
Finger Die, 43 
Fingers, Spacing, 75-80 
Finishing and Testing Armatures, 328 

etseq. 
Form versus Hand Winding, 320 
Formers, Winding, for straight and bent 

Coils, 320 ; figs, 321 
Foucault Current Losses, see Losses, Iron 
Frame, 56 et seq. 
Box type, 67 ; fig. 72 
External Stationary Armature Frames, 

62 ; figs, 69-73 
Split, 67 ; figs, 72, 73 
French Chalk for assembling Core Plates, 

87 
French Practice 
Customary composition and thickness of 

Laminations, 26 
Thickness of Sheet Iron for Laminations, 
note 13 
French Type Die, 43 ; figs. 43, 44 
Frucht on Stampings, 29, 34 
Laminations, Process of Stamping, 40 ; 
igs, 41, 42 

Gas Pipe Rings for Heating Commutator, 
112, 114 ; fig. Ill 

Gauging Commutator during Assembling, 
110 ; fig. Ill 

General Electric Co. — Equaliser Ring Con- 
struction (Old), fig, 271 

Generators, see Alternating Current, and 
Continuous CuiTent Genera- 
tors 

German Rules for Iron—** Ageing" defini- 
tion, note 10 

German Type Die, 43 ; figs, 44, 46 

Gramme Ring 
Armature— Hand Wound Coils, 254 
Windings, 7 

Grinder for preparing Armature Core, 287 ; 
^.288 

Grounds in Commutator, Testing for, 117 

Guillotine for cutting Sheet Insulation, 
2S7; fig. 2Sp 
Digitizetfby VjOOQIc 
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Half Coiled Windings, see "Windings, 

Alternating Current 
Hand Shear for cutting Sheet Insulation, 

287 ; fig, 289 
Hand versus Form Windinc, 320 
Hanson, A. P. — Combined Winder and 

Spreader, 264 ; fi>g, 263 
Heating of Commutator during Assem- 
bling, 112 ; ^. 111 
Hemitropic Winding, 170 ; fi>g, 169 
Hobart, H. M. 

on Armature Windings, note 137 

Equaliser Ring Construction, fi>g, 269 

Form Wound Coil, 256 ; fi^, 267 

Holden Hysteresis Testers, Twte 21 

Horn Fibre for Slot Linings, 246, 247, 262 

Hydraulic Pressure for Assembling 

Commutator, 111, 116, 117, 118 ; fi^gs, 

112, 116 
Core, 90 
Hysteresis 

Loss, see Losses 

Testers, see Testers for Iron 



Impurities permissible in Sheet Steel for 

Laminations, 11 
Index 

Dies, 36-38 
Presses, see Presses 
Induction Motors 
Air Gap Depths, 46, 104 ; Tcibles 46, 106 
Core Plate Stampings, 46, 46 
Delta (A) Connection for, 184 
Die for cutting Slot and Periphery, 46 ; 

;2^. 46 
Open Circuit Windings for, 163 
Rotor, 6 ; figs, 6, 7 
Grinding Surface of, 106 ; fi^. 106 
Thickness of Core Sheets, 12 
Winding, 216 ; figs, 216, 217 
Closed Circuit Windings for, 164 
Shaping and Securing Coils, 310 ; 

figs, 311 

See also Squirrel Cage Rotors 
Slots used. Type, 105 ; fi^, 106 
Squirrel Cage, 96 ; Chart, 8 
Starting Torque, 99, 101 
Stator 

Complete, ^gr. 91 

External, Wooden Slot Wedges for, 

248 ; fig, 260 
Frame, 70 ; fig. 78 

Wound for 8-pole, 3-phase, half-coiled, 
Spiral Winding, Diagram 
207— Winding of, 302-308 ; 
fi^s, 301-307 
Type of Coil Ends, 190 
Insulating 
Armature Conductors, 246, et seq. 
Group of Bare Conductors, 267 
Disadvantage of dividing Armature 
Sectors at middle of Slot, 84 
Form-wouud Coils, 25 1 



Insulating (con^mieed) — 
Materials, 246 et seq. 
Jaconet Tape, 248 

Method of preparing and impreg- 
nating, 251 
Leatheroid, 98, 110, 246 
Mica for Commutator Segments, 107 
Red Fibre, 98 
Varnishes 
Copal, for Mica Plates, 109 
Shellac for Mica Plates, 107, 109 
Rings for Commutators, 107 
Arrangement, 120, 121 
Thickness of Mica, 117 
Insulation (of) 
Laminations 
Paper, Disadvantages of, 36 
Thickness, 12 
Retrogressive Wave Windings, 236, 238 
Slots 

Guillotine for cutting Sheet Insula- 
tion, 287 ; fig. 289 
Methods, 320 ; figs. 322 
Specification for insulating 500-volt 
Tramway Motor Armature 
Slots, 249 
Tests, 333 

Y and A Connected Armatares, 184. 
Iron 
Ageing, deterioration through, 10 
Loss, see Losses 

Testing for Hysteresis and Permeability, 
IS et seq. 
Apparatus for, see Testers for Iron 
Specification for, 17 
Standardisation Rules for, 27 

Jaconet Tape for binding groups of 

Conductors, 248 
Joints (Jointing) 

Between Armature Bars and Connectors, 

324 ; fig. 325 
Commutator Lugs, 291 ; fig, 295 
Slot Insulation, 320 
Strip Wound Coils, 265, 269, 272 

Keying Laminations, 62 ; fig. 68 

Keys, Circumferential for 

Assembling Stationary Armatures, 93 
Connecting End Flanges, 67 ; figs, 72, 
73 

Keyways, Punching of, 40 

Kircheis, Erdmann— Index Press, fig. 47 

Lahmeyer Co. 

Alternating Current Winding Shop, 

313 ; figs, 815, 316 
Ai-mature of 4000-k.w., 10, 000- volt 

Alternator, figs. 220, 221 
Assembling Wire Wound Coils, fig. 292 
Continuous Current Winding Shop, fig. 

296 
Terminals of Bar- wound Alternator, fig, 
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Laminations, 4, 10 e< §eq. 
Annealing, 10, 11, 86 
AaseniblinK, 90, 91, 95 ; fig. 96 
Cleaning, use of Turuentine, 35 
ComiKwition and Thickness — French 

Practice, 26 
Frame for supporting, 56 
Keying, 62 ; fig, 68 
Material, Selection and Testing, 10-29 

and>^«. 
PunchingH, Assembling of, 89 ; fig9, 84 
Quality, 25, 26 
Sectors, 82 
Shaft, Assembling directly on, 61, 95 ; 

figs. 65, 66, 96 
Sleeve for, 61 ; fi^, 64 
Specification for Sheet Steel for, 11 
Stamping, Methods and Machines r%- 
quired, 29-55 
Disc Stamping Machines, some makers 

of, 55 
Standard Sizes and Types, 29 ; fi^s, 
32 and 33 
Thickness, 11, 26 

Induction Motor Rotors and Stators, 

46 
Insulation, Thickness of, 12 
Lamj) Test for Short Circuits, 334 
Lancashire Dynamo and Motor Co. 
Assembling Wire- Wound Coils, fig, 292 
Squirrel Cage Rotor, 99 ; fi>ga. 98, 99 
Wound Stator, fig. 5 
I.ap Coil, see Coil, Types 
Lap Windings, 142 
See also Windings, Continuous Current, 
Multiple Circuit 
Lathes for Banding Armatures, 330 ; fi^s. 

331 
Leatheroid for 
Securing Conductors in Slots, 98 
Separating Clamping Blocks from 

Copper Segments, 110 
Slot Linings, 246 
Livingstone, R. 

Dimensions of Box-type Frames, note 

68 
Thickness of Commutator Segments, 125 
Losses 

Iron (Core) 13, 21, 36 

Eddy (Foucault) Current, 21, 26, 45 
High Specific Resistance, Effect of on, 

26 
Hysteresis 

Ageing, Loss through, 10 
Relation to Steinmetz Coefficient, 

Table 24 
Testing for, various methods, 13 
et seq, (see also Testers) 
Windage, 102 
Loops of Armature Coils, Types, 266 
Lugs, Commutator— Attaching and Con- 
necting to Armature Con- 
ductors, 122, 124 ; figs. 124, 
125 



Machining of External Svface of Core 
Accuracy necessitated by very small air 

gaps, 104 
Emery Wheel for, 105 ; fig, 106 
Magnet Frame, 1 

Magnetic Field — E.:NLF. induced in Con- 
ductor through, note 137 
Magneto Bell for detecting Short Ciicnits, 

110 
Magnets — Permanent and Rotating for 

Hysteresis Testers, 21 
Manilla Paper for Slot Linings, 246-248 
Mavor k Coulson, 
Assembling Armature Core, fig. 85 
Winding Armature with Strip on Edge, 
fig. 319 
Mesh Grouping (A), 179-184; figs. 180, 

181, 202 
Mica (for) 
Commutator Construction, Choice of, 

107 
Paper for binding groups of Conductors, 

248 
Plates, Construction, 107, 109 
Slot Linings, 248 

y Rings for Conmiutators — Arrange- 
ment, 120, 121 
Micanite 

for Slot Linings, 248 
TubingforAlternatingCurrent Machines, 
Disadvantages, 252 
Micarta for Slot Linings, 248 
Mollinger Hysteresis Tester, 27 
Motors, see Alternating Current, Continu- 
ous Current, and Induction 
Motors 
Multiple Circuit Windings, 129 
Multiplex Windings, 153 
See also Windings, Continuous Current 
Multiplex Windings, 153 — see aJ^ Wind- 
ings, Continuous Current 
Multiplicity of Continuous Current Wind- 
ings, Table 157 



Neville Bros. 

Armature Banding Lathe, fig. 331 
Geared Rotary Shears for Armature 
Discs and Rings, 39 
Nomenclature of 
Alternating Current Windings, 197 ; 
Plate xiv. 
Application of Scheme, 204 
Continuous Current Windings, Plate 
xiv. ; 129, 137 
Notching Machine, see Press 



Oil — Inferiority to Turpentine for lubri- 
cating Laminations, 35 

Oiled unbleached Cotton for binding groups 
of Conductors, 248 

Open Circuit Windings, see Windings, 
Alternating Current 
Digitized by OOOQ IC 
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Paper, Insulating 

for Laminations, disadvantages, 86 

Manilla, 246-248 

Mica, 248 

Red Rope, 246, 247 
Parshall and Hobart on Armature Wind- 
ings, note 137 
Patents 

Alioth Form-wound Coils [German 
Patent, D.R.P. 84788 of 
1886], 255 

Eickmeyer Form-wound Coils [English 
Patent, 2246 of 1888], 225 ; 
fig- 267 

Hobart's Form-wound Coil [British 
Patent, 17,489 of 1901] 255 ; 
^.257 

Sayers, W.B., Winding for Form- 
wound Coils [12,801 of 1904], 
Z\2; fig.ZlA^ 

Siemens* Form- wound Coil [No. 2196 
ofl908], 312; ^^5.814 

Webber Winding Form [U.S., No. 
661,636 of 1896], 258, and 

Peripheral Speed of High Speed Com- 
mutators, 126 
Periphery — Die for cutting Slot and 

Periphery, ^i\ flg, 46 
Permeability 
Sheet Steel, 10 

Tests, various methods, 13 ^ seq, — see 
also Testers 
Pertinax for Slot Linings, 248 
Pin Winding, 301 
Pitch, Definition of, 182, 185 
Plane Former for Coils, 261 ; fig. 260 
Polyphase Motors, Testing for faults in 

Windings, 386 
Power Shears for cutting Sheet Steel, fi>g. 

36 
Press(es) 
Automatic Punching Machine, 38 ; figs. 

47, 48 
Double Crank, 60 
Geared Disc-cutting, fi^s. 58, 64 
Index, 46 ; fi>gs. 47-49 
Notching Machine, 51 ; fig^ 52 
Size of, 36 
Squeezing Commutators, 200-ton Press 

iov\fi>g. 116 
Stamping, 80 — Some makers of, 55 
Pressing Armature Coils, 259 ; fi>g. 260 
Presspahn for Slot Linings, 246, 247 

Shellac'd, Advantages, rwte 249 
Presspahn-mica for Slot Linings, 248 
Construction and Properties of, 252, 
253 
Pressure required 
Assembling Core, 90, 91 
Conductors, pressure between, 195, 236 
Hydraulic, for Assembling Commutator, 

111, 115, 117, 118 ; fi>gs. 

112, 116 



Pressure required {eowtinued) — 

Stamping Core Plates, 86, 63 

Terminals of Y and A connected Wind- 
ings, Pressure between, 184 

Testing Armatures, 838 

See of 80 Electromotive Force 
Punches 

French Type — Description and^^«., 48, 
44 

Imperfections, 89 
Punching Machines, see Press 
Punchings 

Assembling, Care required, 89 

See also Stunpings 

Ranoes, No. for Alternating Current 
Windings, 187, 191 ; Table 
189 
Spiral Coil, 199 ; Ta^le 202 
Red Fibre, Securing Conductors in Slots, 

98 
Red Rope Paper for Slot Linings, 246, 

247 
Re-entrancy of Continuous Current Wind- 
ings, Table 157 
Resistance 
End Rings, 101, 102 
Sheet Steel, Specific Resistance, 25, 26 
Richter Testing Apparatus, 16, 29 ; fig. 
31 — Total Iron Loss given 
by, 26 
Ring Cutting Machine; fig. 38 ; see also 
Shears, Circular and Rotary 
Rings 
Building for Commutators, 109 ; figs. 

108, 109, 112-116 
Clamping for Commutators, Construc- 
tion, 122— Material, 128 
Collector for Alternating Current Wind- 
ings, 166, 179, 182, 240-245 
End for Squirrel Cage Rotors, Con- 
struction and Securing, 97- 
105 
Equaliser for Continuous Current Wind- 
ings, 269, 270 
Gas pipe for heating Commutators, 112, 

114 ; fig. Ill 
Mica End Rings for Commutators, 107 
Thickness, 117 

y Rings, Arrangement, 120, 121 
Rotary Converter Windings, see Windings, 

Alternating Current 
Rotary Shears, fig. 89 
Rotor 

Bars, see Conductors 
Continuous Current Machines, 1 
Distinction between Stator, Rotor, 
Armature and Field, 2, 6 ; 
CJiart, 8 
Induction Motor, see Induction Motors 
Slip Ring, 6; fig. 7 
Squirrel Cage, see that title 
See also Induction Motor Rotors 
Rules for Testing She^J^^^^QOgle 
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Satebs, W. B., Winding for Fonn-wonnd 
Coils, 812 ; fig, 314 

SoftlM for Swing Hysteraifl Testor. 14 ; 
>ir.i6 

Soott k Mountain 

Assembled AnnatnTe Core, fy, 92 
Cftsting for frame of Stationary Arma- 
ture, 62 ; fig. 69 
Stator of Alternating Current Motor, 

Wound Stator for Induction Motor 

Winding Diagram^ 207— 

Winding of, 802-308 ; figs. 

801-307 

Sectors, Clearance between Armature 

Laminations, 82 ; figs, 84 
Si^ments, Commutator 
Construction of, 107, 109 ; figs. 108 
Copper and Mica, Arrangement of, 

110 
High Speed Commutators, Type for, 

128 
Mica for, 107 

Multiple Circuit Windings, 133 
Thicknesses, 125 
Shaft, 1, i\fig.Z 
Commutator, Mounting direct on Shaft, 

126 
Laminations, Assembling direct on 
Shaft, 95 ; fig, 96 
Assembly of 27 h. p. Railway Motor, 
61 ; fi^s, 65, 66 
Shears 

Circular, 48 ; figs, 36, 38, 39, 40, 60 
with Angular Cutters, fi^. 40 
with Segment Attachment, 48 ; fi^. 
50 
Circular Cutter Sheariug Machine, 30 
Power Shears, fi^. 36 
Rotary,/^. 39 

Sheet Insulation, Shear for cutting, 287 ; 
^igr. 289 
Sheet Steel, see Steel 
Shellac for Mica Segments, 107, 109 
Shellac'd Presspahn, Advantages, note 

249 
Short Circuits, Tests for in 
Commutator, 110, 114, 117 
Winding, 334 
Shuttle for Winding Gramme-ring Ar- 
matures, 254 
Siemens Bros. — Form-wound Coil, 312 ; 

fi^gs. 314 
Siemens Drum Type of Armature, Hand- 
wound Coils, 254 
Siemens - Schuckert - Werke of Vienna — 
Richter apparatus for testing 
Sheet Steel, 16, 26, 29 ; fig. 
31 
Siemens k Halske 

Commutator for 110-k.w., 500- volt 

Dynamo, ^gf. 122 
Continuous Current Generator, 7 
Sine Waves, E.M.F., 182 



Sleeve for 

Annature Core Plates, 61 
High Speed Commutator, 126 
117 Kp. Gearless Railway Motor, fig. 
64 
Slip Ring Rotor, 6 ; fig. 7 
Slot Insulation, 320 ;figs. 322 

Specification for 500-volt Tramway 
Motor Armature Slots, 249 
Slot Linings — Material, Selection of, 246 
Slot Wound Armatures, Core Ducts in, 74 
Slots 
Conductors, Securing in, 98 
Die for cutting Slot and Periphery, 44 ; 

fig. 46 
Drifts for maintaining true alignment, 

85 
Eddy Current Loss caused by over-filing, 

21 
Number 
Per Pole per Phase for Alternating 
Current Windings, 202 ; 
Tables 203, 210 
Permissible for two and three phase 
Windings, 210 
Punching, 35 
Space Factor in, 246 
Squirrel Cage Motors, Types, 105 ; fig. 

106 
Wood for Wedges, Disadvantages, Selec- 
tion and Treatment, 247 
Smith k Co., Messrs Daniel — Armature 
Disc and Ring Cutting 
Machine, 39 ; fig. 38 
Space Factor in Slots, 246 

Thickness of Slot Insulation, 322 
Specific Resistance of Sheet Steel, 25, 26 
Specification for 

Insulation for 500- volt Tramway Motor 

Armature Slots, 249 
Sheet Steel for Laminations, 11 
Testing Sheet Iron, 17, 27 
Speed, Peripheral, of High Speed Commu- 
tators, 126 
Spider 

Armature, 1-4, 56 ; figs. 3, 57-63 
200-k.w., 6-pole, 135-r.p.m. C.C, 

Generator, 56 ; fig. 59 
250-k.w., 6-pole, 320-r.p.m. C.C. 

Generator, 56 ; fig. 60 
300-k.w., 10-pole, 100-r.p.m. C.C. 

Generator, 66 ; figs. 57, 58 
1000-k.w., 16-pole, 19-r.p.m. C.C. 
Generator, 61 ; fig. 63 
Commutator, 2, 128 ; fig. 8 
Methods of Keying Laminations, 62 ; 

fig^es 

Squirrel Cage Armatures, 95, 96, 103 ; 
figs. 97, 105 
Spiral Coil, see Coil 
Spiral Coil Windings, 199-201— Properties, 

191 
Split Frame for Armature, 67 ; figs. 72, 
73 
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Spread of Winding, 210— Definition, 174, 

176 
Spreading Armature Coils, Apparatus for, 

259-264 
Squaring up Segments, 110 
Squiri'el Cage 

Motors, 95 ; ChaH, 8 
Air Gap Depth for Induction Motors, 
45, 104 ; Tables, 46, 106 
Rotors, 6 

Construction, 95 et seq. 
Conductors 

Circular, Methods of fastening end 

rings, 99-102 
Rectangular, Methods of fastening 
end rings, 103 ; figs. 104 
Spider for supporting Laminations, 95 
Spider and Screwed £nd Rings, 103 ; 

fig. 105 
See also Induction Motor Rotors 
Windings, see Windings 
Stamping 

Core Plates, Process, 85 et seq. [also 

figs.] 

Machines, Some Makera of, 55 
Presses, see Presses 
Stampings, Standard Sizes and Types for 
Sheet Steel, 29 ; figs. 32, 33 
Standardisation Rules for the Testing of 

Sheet Iron, 27 
Standardising Commission for Iron Testing, 

Recommendations, 27 
Star Grouping [Y], 179-184 ; figs. 180, 

181, 202 
Static Balance, 331 
Stator 

Alternating Current Machines, 1 
Distinction between Stator, Rotor, Ar- 
mature and Field, 2, 4, 6 ; 
ChMrty 8 
Steel for Laminations, 10 

Composition of low ** ageing" Sheet 

Steel, 11 
Specific Resistance of, 25, 26 
Standard sizes and types, 29 ; figs. 32, 

33 
See also Iron 
Stcinmitz Coefficient {n) 2S— Table of 
relation to hysteresis loss, 24 
Stembiidge, E. K., Developed Winding 

Diagrams, 138 ; ^. 139 
StoU Index Press, fig. 48 
Strip Bending Machines, 274 
Strip Winding Insulation, 250 
Strip Wound 

Armature Coils, see Coils, Form -wound 
liJip Windings, 288 
Wave Windings, 297 

Tape, Insulating 

Jaconet for binding groups of con- 
ductors, 248 

Method of preparing and impregnating, 
251 



Taping Machines for Strip Wound Coils, 

fig. 277 
Tapping Closed Circuit Windings for 
Alternating Current, 164, 
240-245 
Tappings to Armature Windings, 269 
Temperature 

Ageing, Effect of high temperatures, 

10 
Annealing Armature Laminations, 10, 

35 
of Commutator during Assembling, 112 
Tension of Binding Bands, 829, 330 
Terminals of 

Alternating Current Windings, 164— 

Polyphase, 179-184 
Bar Wound Alternator, 325 ; fig. 827 
Testers for Iron 

Blondel Carpentier Hyst^r^sim^tro, 21 

et seq. ; fig. 23 
Brion, Tiote 16 
Epstein, 26 — Test Instructions, 27 ; figs, 

28-30 
Ewing's 
Description and Method of testing by, 

IBetseq. \ figs. 13, 15 
Peimauent Magnets, note 21 
Holden Testers, note 21 
MoUinger Tester, 27 

Richter Apparatus, 16, 29; fig. 81— 
Total Iron Loss given by, 26 
Testing 

Armatures during Winding, 333-335 
Commutators for Short Circuits, 110, 114 
Insulation, 333 

Sheet Iron for hysteresis and perme- 
ability, IS et seq. 
Standardisation Rules for, 27 
Testing Lamp for detecting Short Circuits, 

110 
Thickness of 

Commutator Segments, 125 
Laminations for Armature Cores, 11, 
12 
French practice, 26 
Induction Motor Rotors and Stators, 

46 
Insulation, 12 
Mica End Rings, 117 
Mica Plates, 109 
Slot Lining, 246 
Thompson, Dr S. P. , on Armature Wind- 
ings, 187 
** Hemitropic " Winding, 170 ; fig. 169 
Torque, Starting 

Means of obtaining higher, 101 
Squirrel Cage Motors, 99 
Traction Dynamo, Commutator Construc- 
tion for, fig. 119 
Tramway Motor, Insulation Specification 
for 500-volt Armature Slots, 
249 
Transformer Cores, Plates annealed after 
punching, note 35 
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Tnnsfonnera for Testing Armatures, figs. 

884, 885 
Turbo-Dynamos, Commutator Construction 

for, 126 ; fig. 127 
Turner, H. W. 

Combined Winder and Spreader, 262— 
Process of Winding with, 
280-282 ; figs, 281-286 
Turpentine for lubricating Laminations in 
- punching, Superiority to oil 
oi soap and water, 86 
Two-circuit Windings, 140 

See also Windings, Continuous Current 



Unoer*s, Adolf, Industrie Aktiebolaget 
Assembled Armature Core, fi^. 87 
Induction Motor Rotor Windings, fi^s. 

811 
Wire Wound Coils, Assembling, fi^. 
295 
Union Electric Co. , Lar^^e Armature show- 
ing Equaliser Ring Construc- 
tion, fig. 270 
Union Elektricitats Gesellschaft— Hanson's 
Combined Winder and 
Spreader, 264 ; fig. 263 
Universal Spi^eader for Form-wound Coils, 
262 ; fi^. 263 



V-End Connectors for Bar windings, 824 
V-End Rings for Commutators 
Clamping, 122 

Mica Insulating, Arrangement, 120, 121 
V-Grooves for Commutators, 114 
Vanes as ventilating fans, 102 
Varnish on Core Plates, Thickness, 12 
Varnished Cambric for binding groups of 

Conductors, 248 
Varnishes 
Copal for Mica Plates, 109 
Japan for Core Plates, 12 
Shellac for Mica Plates, 107, 109 
Ventilation of Armature, 61, 95 
Ducts, 74, 104— Standard Width of, 80 
Vanes, Use of, as Fans, 102 
Ventilating Spacing Pieces, 74 et scq. ; 
figs. 74-79 
Cast Spacing Piece of 650-k.w., 10- 
pole Traction Generator, 76 ; 
fig- 76 
Separating Fingers, 75-80 
1500-k.w., lOOO-r.p.m. Turbo Alter- 
nator, 79 ; fig. 78 
750-k.w., 1500-r.p.m. Generator, ^gf. 67 
Verband Deutscher Elektrotechniker, 
Standardisation Rules for 
the Testing of Sheet Iron, 27 
Vickers, Sons & Maxim 

Armature Spider, 66 ; fig. 61 
Armature of 50-h.p., 300/760-r.p.m. 
Variable Speed Motor, 2 ; 

fig 3 



Vickers, Sons k Maxim (continued) — 
Coils 
Assembling Strip-wound, fi>g, 290 
As^mbling Wire- wound, fig. 293 
Connecting to Commutator, figs, 291, 

296 
Typical Armature, fig. 268 
Commutators 
Assembling of 76-lLp. and 750-k.w.. 

fig. 112 
200 ton press for squeezing, fig. 116 
Core, Armature 

Assembled 60-h.p. and 120-h.p., figs. 

87, 88 
Assembling 15-h.p. and 750-k.w., 
fi^gs. 81, 82 
Ventilating Spacing Piece, 80 ; figs. 79, 
82 
Voltage, Lower in Multiple-circuit than in 
Two-circuit Windings, 141 



Wave Windings, 142 
See also Windings, aiid Winding of 
Alternating Current Arma- 
tures 
Webber Winding Form, 258 ; and figs. 
Westinghouse Co. 
Alternator, 7 
Balancing Table for large Armatures, 

332 ; ,fig. 333 
Banding Armature, fig. 329 
Methods of fastening End Rings to 
rectangular Rotor Bars, 103 ; 
fig. 104 
Ventilating Spacing Piece, 79 ; fig. 77 
Whole-coiled Windings, see Windings, 

Alternating Current 
Windage Losses, 102 
Winding 
Bobbin, 264-, 
Diagrams, see Windings 
Forms — Design and Construction of, 254 
et seq. 
Block for Pressing Coils, 259 ; fig. 

260 
Spreading Apparatus, 259-264 
Straight and Bent Coils, 320; figs. 

321 
Tools required for 

4-pole, 10-h.p. motor for 500 volts 

and 960 r.p.m., 278-286 
6-pole, 250-k.w., 320-r.p.m., 550- 
volt Generator, 270-278 
Triple Coil Winding Forms, 280 
Types, 255-265 
Pitch, definition, 132, 135 
Shuttle, 254 
WINDING OF ARMATURES 
Alternating Current, 300 et seq. 
Lap Coil Windings, 322 
Retrogressive Wave, 325 
Short Coil, 327 
SkewCoiJ^,^^^|,yl^QQg[e 
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WINDING OF ARMATURES (con^.)— 
Alternating Current {continued) — 
Spiral Coils 
Ponn-wound, 319-322 
Form verstus Hand winding, 320 
Hand-winding, 300-319 
Slot Lining, 322 
Strip Winding, 313-319 

On edge, 318 ; figs. 319, 320 
Wire Winding, 300-314; {also 

figs.) 

Block for ; figs. 302, 808, 806- 

308, 310 
Pin Winding, 301 
Hand versibs Form winding, 320 
Wave Windings (Bar Windings), 323 
Winding Shop, Lahmeyer Co., 313 ; 
figs. 315, 316 
Continuous Current, 254 et seq. 
Form Wound 
4-pole, lO-h.p. motor for 600 volts 

and 950-r.p.ra., 278-286 
6-pole, 250-k.w., 320-r p.m., 550- 
volt Generator, 270-278 
See also Coils, Form Wound 
WINDINGS (Winding Diagrams) 
Alternating Current, 163 et seg. 
Closed Circuit or Re-entrant Single 
and Polyphase, 163, 164, 
240 
Rotary Converter Windings, 185, 

243 ; fi^s. 240-243 
Tapping for, 164, 240-245 
Collector Kings, 166, 179, 182, 240- 

245 
Derivation of Types, Plate xiv. 
Half-coiled Windings, 170 ; figs. 168, 
169 
Spread, 174 
Open Circuit, 163 et seg. 

Bar Windings, 227, 231, 236 
Concentration and Distribution of 

Coils, 198 
Lap Coil Windings, 199-201, 225. 
Nomenclature and Classification, 
197 ; Plate xiv. 
Application of Scheme, 204 
Polyphase,* 178-240, and^s. 
Armature, Divisibility of, 187, 

191 ; Table 189 
Coils, Connection of, 211 ; fi{fs. 

207, 213 
Derivation, 178 ; Plate xii. 
Developed Diagrams, 212 ; figs. 

215, 219, 221, 223, 224. 
Grouping of phases, 179-185 ; 

and figs. 
Properties, 191 ; Table 189 
Ranges, No. of, 187, 191, 199; 

Tables 189, 202 
Spread, 176, 210 

Three Range, 217-225 — with 
Coils of similar shape, 224 ; 
fig. 222 



WINDINGS (Winding Diagrams) {cont.)— 
Alternating Current (c^m^inM^rf)— 
Polyphase {contintied) — 
Two Range, 204-217 
Two and three phase Connections 
for same winding 
Coil Windings, 205 ; figs. 206, 

207 ; Table 210 
Wave Windings, 282 
\Vhole - coiled and half - coiled, 
170 — Definition 199: figs. 
200, 201 
Ranges, No. for Polyphase Spiral 
Coil Windings, 199 ; Table 
202 
Retrogressive Wave, 198, 282 ; figs, 
233-238 ; PlaU xiii. 
Pressure between Conductors, 
235 
Short Coil Windings, 198; figs. 

193, 194 
Single-coil versus Multi-coil, 172, 

178 
Single-phase, 164-178 and ^5. 
Coil, Concentration and Dis- 
tribution, 172 ; figs. 171, 
175 
Concentrated, 174 ; fi^. 175 
Development, 164 
Distributed, 174 ; figs. 175 
Lap Winding, 176 ; figs. 177 
Ranges, No. of, 189, 191 
Spread, 174 

Whole-coiled and half-coiled, 167- 
170 — DeHnition, 198 ; fig. 
200 
Skew Coil Windings, 195 and 

fig^ 

Slots, No. per pole per phase, 202 ; 

Tables 203, 210 
Spiral Coil Windings, 199-201- 

Properties, 191 
Wave Windings, 198, 204, 229 ; 

,figs. 229-231 
Whole-coiled and half-coiled, 198- 
201 
Polyphase Windings 
Terminals, 179-184 
See also Closed Circuit and Open 
Circuit, supra 
Re-entrant ; see Closed Circuit, sitpra 
Whole-coiled, 167 ; figs. 168, 169 
Spread, 174 
Continuous Current, 129 et seg. 
Brushes — No. for two-circuit and 
multiple - circuit Windings, 
145 
Conductors— Two-circuitand Multiple- 
circuit Windings, 143, 144 
Current, Two-circuit and Multiple- 
circuit Windings, 142 
Derivation of types, Plate xiv. 
Developed Winding Diagram, 138 ; 
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WIKDIKQS( Winding Diafframs) (emt.)— 
Continuous Cubrknt {continued)^ 
Multiple-circuit Windings, 129 ; figs, 

180-142 
Characteristics, 140 
Commutator Segments, 138 
Current Distribution, 137, 138 
Electro-maj^netic Design, 186 
Electromotive Foree, 137, 138 
Lap Windings, 142, and>S^. 
Multiplex Windings, 168; PlcUes 

iv.-vii. 
Special Type, 162 ; figs. 160, 161 
Multiplex, 163 
Multiple Circuit, 168 ; PlcUes iv.- 

vii. 
Multiplicity and Re-entrancy, T(ible 

167 
Two-Circuit, 164 ; fi^s. 156 ; Plaies 

viii-xi. 
Tapping Closed Circuit Windings for 

Alternating Current, 164, 

240-245 
Two-circuit Windings, 140 ; fi>gs. 140- 

169 
Characteristics, 140 
Multiplex, 142, 154 ; Plates viii.- 

xi. ; fi^. 156 
Special, 157; ^5. 158, 169 
Wave Windings, 142 ; fi^, 143 



WINDINGS (Winding Diagrams) {conL) - 
Continuous Curkent (continued) — 
Voltage— Comparison between Two- 
circuit and Multiple-circuit 
Windings, 141 
Windings with mora than one turn 
per Segment, 147 ; figs. 160 
End, Banding of, 329 
Field, 1 

Gramme-ring, 7 
Squirrel Cage, 6, 97-105 
Strip^Insulation, 250 
Testing of Armatures during, 334 
Wire Wound Coils, 256-265, 278, 293 
Wood for Slot Wedges, Disadvantages, 
Selection and Treatment, 
247 



**y," "yW and * V Winding Pitches, 

132, 135, 136 
Y Grouping, 179-184; fi{is. 180, 181, 

202 
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Circular Shear, 48 ; fig, 50 
Double Crank Press, 60 and fig. 
Notching Machine, 51 ; fig. 52 
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